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Core 


Recovery 


Flliott Cable Tool Core Drill 


Core recovery is the yardstick 
for measuring core drill perform- 
ance. Onerun with eighty per cent 
or better recovery of perfect core 
means more than a million boastful 
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oil man. 


ElhottCore drills 
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and oil men a safe method of selecting core 
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Drill with 


ASSURANCE 


Prevailing prices of crude prohibit 
needless waste in drilling costs. Yet 
such costs can mount amazingly when 
the driller deviates from the vertical. 
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common-sense, safe and sure method 
for ascertaining the direction of his 
bore hole. The SYFO Clinograph 
established beyond the possibility of 
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dicular. It tells how much and it tells 
it on paper—a permanent record. 
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The 


BREWSTER 
AUTOMATIC 
CORE DRILL 


for SOFT or HARD 
FORMATIONS 


The success in coring a soft formation 
depends on using a core barrel that will 
allow the soft sand to enter the inner bar- 
rel without resistance. 


The Brewster Automatic Core Barrel fills SS ee 
this long felt need. It will obtain perfect 
cores in both soft and hard formations. 
The core is easily removed by use of the 
split liner and is in the relative position as A 
it is cut. 


The Brewster Automatic Core Barrel is 
deserving of its name. The valve is set 
when going in and allows free washing of 
the inner barrel. When coring is begun 
the valve is automatically closed, forcing 
the water through the core cutter. 


The ball valve at the top has no weight 
on it; thus a soft formation can easily enter 
the inner barrel. A port in the side allows 
air and water to pass out. 
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Shreveport.Louisiana 
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No. 55-as illustrated, with horseshoe base. 
No. 56-the stage and body, base omitted. 


Stereoscopic 
ee 
Vision 
With the Spencer Nos. 55 and 56 Wide Field 
Microscopes a definite stereoscopic effect is obtained. 


Surface irregularities show up prominently when the 
specimen is examined with this microscope. 


This perception of three dimensions is of real value 
in such work as dissecting. The fact that the image 
is right side up and not inverted or reversed adds to 
this instrument's value in dissecting work. 


Other features such as long working distance, over- 
size stage for large specimens, interchangeable objec- 
tives, etc., are fully described in Folder M-35. Write 
for it today! 


\ 
BUFFALO 


Branches Products 
| New York Microscopes 
Chicago Microtomes 
Boston Delineascopes 
,| Washington Visual Aids 
Minneapolis Optical- 
Los Angeles easuring- 


San Francisco Instruments 


LEITZ wide-field 


Binocular microscope 


with 
automatic multiple objective nosepiece 


Here is a microscope having far greater 
possibilities than anything ever offered 
before--an instrument not restricted to 
the use of special objectives--an instru- 
ment providing the automatic inter- 
change of three pairs of objectives 
at one time. 


WRITE FOR PAMPHLET NO. 1169(V) 
Leitz Microscope Model ‘*WFA-M”’ (Illustrated) 
is one of five new models equipped with the Auto- 
matic Multiple Objective Nosepiece. Write for 
pamphlet describing all five of them. 


E. LEITZ, Inc. 


60 EAST 10th ST. NEW YORK 
BRANCHES: 
Washington, D. C. 
Chicago, Illinois 

Los Angeles, Calif. 

(Spindler & Sauppé, Inc., 811 West 7th St.) 
San Francisco, Calif. 

(Spindler & Sauppé, Inc., 86 Third St.) 


(1) Automatic Multiple Objective Nosepiece 

(2) Permits Use of Standard Paired Objectives 

(3) Prism Body Provided With Large Diameter Oculars 
(4) Interchange of Three Pairs of Objectives at One Time 
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Just off the press-- 


Transactions, Petroleum 
Development and 
Technology, 1931 


65 papers 6 chapters 657 pages 
Unit operation of oil pools; production engineering; 
engineering research; domestic and foreign production; 
| economics; refining summary; the proceedings of the 


meetings of the Petroleum Division at Tulsa and Los 
Angeles, 1930, and New York, 1931. 


Cloth bound, $5.00 to Non-members 
Canadian and Foreign Postage $0.40 extra 
Published by the 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS 
29 West 39th Street New York, N. Y. 


The Secretary, A.I.M.E. 
29 West 39th St., New York, N. Y. 


Please send me............ copies of Transactions, Petroleum Development and Tech- 
nology, 1931. I enclose my check for $.......00.00000..... 
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| The Geologist’s Time » » 
| « « is VALUABLE Time 


When he is wanted, he is wanted in a hurry, 
and if he is not there he is holding up the works. 


SPEED COUNTS! 


The Oil Capital of the World, the home of the A.A.P.G. 
and of the International Petroleum Expo- 
sition, is also one of the world’s 


BEST KNOWN AIR CENTERS 


This combination of attractions and advantages makes Tulsa the ideal 
place for the geologist to live and have his offices. 


Write for descriptive literature to 


TULSA CHAMBER OF COMMERCE 


TULSA, OKLAHOMA 
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A Subscriber Writes: 


“‘T wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- 
scribe sooner.’’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to your home where 
you can read it at your leisure? The cost is only $1.00 a year. Use the attached 
order blank—NOW. 


The OIL WEEKLY 


P. O. BOX 1307 HOUSTON, TEXAS 


Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find enclosed 
check for $1, as payment in full. 


and my position is............ 


(BE SURE TO STATE COMPANY AND POSITION, otherwise it will be necessary for us to 
hold up entering your subscription until we can get this information from you.) 
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of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


NOVEMBER 1931 


Symposium on Geophysics 


EDITOR’S FOREWORD 


In 1929, five major articles on geophysics were published in the 
Bulletin. In 1930, fifteen geophysical papers were printed, including 
two on geothermal gradients. Eight of these fifteen papers appeared 
in the September number, but the other seven were distributed through 
five other monthly issues. This year we have made an effort to concen- 
trate all the strictly geophysical contributions in the November and 
December numbers. 

These papers, which follow, were presented in March, 1931, before 
the Society of Petroleum Geophysicists at the annual convention of The 
American Association of Petroleum Geologists at San Antonio. Together 
with a few others, not now available, they constituted the geophysical 
group of the Association’s technical program. They were solicited largely 
through the efforts of the program subcommittee, consisting of H. A. 
Aurand, O. C. Lester, D. M. Collingwood, George M. Bevier, Paul B. 
Whitney, and G. H. Westby, chairman, all members of both the Society 
and the Association. To these gentlemen, and especially to Mr. Westby, 
we wish to express our thanks for their codperation in making the program 
a success. 

Geophysics is an important tool for helping to decipher the intricate 
and hidden conditions of the earth’s interior. It is an important branch 
of geological investigation. The real significance of its data can not be 
satisfactorily interpreted except in the light of geology. We therefore 
concur with Mr. Westby in his invitation, included in his introduction, 
for codperation between geophysicists and geologists; and we wish to add 
encouragement to the geophysicists to contribute more papers on this 
important subject. 

F. H. LAHEE 
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INTRODUCTION 


During the past year petroleum geophysics in the United States has 
entered a new, highly important phase of its gradual development and 
increasingly satisfactory application to the mapping of subsurface geo- 
logical structure. With the advent of seismic reflection shooting, the 
locale of most intense geophysical prospecting has shifted from the Texas 
and Louisiana salt-dome areas to the Mid-Continent states of Oklahoma 
and Kansas. With this change has come a wider appreciation by geolo- 
gists and executives of the utility of geophysics. In addition, more 
geologists now realize that geophysics is not a separate field, but a means 
of amplifying their ability to determine geological conditions. In short, 
we have passed from the more or less mysterious isogam and gamma 
stage to the foot stage in geophysical interpretation. 

To date it has been difficult to induce most geophysicists to 
participate in the presentation or discussion of papers. This attitude is a 
result of the youthfulness of the science. A change may be expected 
with age. The present period in the science of petroleum geophysics is a 
recapitulation of the history of geological science in the oil industry prior 
to the formation of The American Association of Petroleum Geologists. 
It is to be hoped that the geologists, with their experience in the value of 
coéperation, will imbue geophysicists with their ideas. 

To forward this spirit of coéperation and to acquaint more geologists 
with geophysical methods, The American Association of Petroleum Geol- 
ogists, through the Society of Petroleum Geophysicists, solicited geo- 
physical papers to be presented at the San Antonio meeting and later 
to be published in the Bulletin. The following papers, which were pre- 
sented at San Antonio, represent a fair cross section of the present de- 
velopment of petroleum geophysics. Some of them present new, unor- 
thodox ideas and, though subject to discussion, should stimulate new 
thought. Such discussion is very necessary, is cordially invited, and if 
given will accomplish one of the objects in the presentation of these 
papers. 

To the various authors and their respective companies, we are greatly 
indebted for the release of material and the preparation of the papers. 


G. H. WEstTBY, chairman 
San Antonio Program Sub-Committee on Geophysics 
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APPLICATION OF SEISMOGRAPHY TO 
GEOLOGICAL PROBLEMS! 


EUGENE McDERMOTT? 
Dallas, Texas 


ABSTRACT 


This paper contains an outline of the principles and methods of applied seismog- 
raphy. The science of seismography is predicated on the elastic properties of earth 
materials. The refraction and reflection of elastic waves and the conditions governing 
these are considered. These two phenomena are closely related. The application of 
the seismic method to salt-dome exploration on the Gulf Coast and the development 
of the refraction method for general structure determination is followed by an expla- 
nation of the reflection method. Several actual reflection records indicate the method 
of identifying reflections. 


INTRODUCTION 


The purpose of the writer is to present to the geologist rather than 
the practicing geophysicist the theory and method of applied seismog- 
raphy. The science of seismography derives its value from the fact that 
earth materials are elastic and this elasticity has extensive variations. 
The term seismography as used herein applies to the science which util- 
izes elastic waves that are generated artificially, as by an explosive charge. 


GENERAL THEORY 


In general, all materials are elastic, but in varying degrees. By 
elasticity is meant the resistance a material offers to changing its volume 
or form when subjected to stress. When stressed a material yields. This 
yield or change in volume or form is known asa strain. Elasticity may 
now be defined more accurately as the ratio of this stress to the resulting 
strain. This strain is propagated through the material with a definite 
velocity which is a function only of the elasticity and density of the 
material. This wave of strain is propagated in all directions in a straight 
line if the material is homogeneous or, more accurately stated, the wave 
front is spherical. If the material is not homogeneous the path is curved, 
that is, the wave is gently refracted, and the wave front is no longer 


*Read before the Association at the San Antonio meeting, March 20, 1931. Man- 
uscript received, June 4, 1931. 


2Geophysical Service, Inc., 1311 Republic Bank Building. 
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spherical. At the contact plane between materials of definitely different 
physical constants, both refractions and reflections occur simultaneously. 
Part of the energy in the wave is transmitted through the second ma- 
terial in a direction different from its course in the first material, at the 
same time that some of the energy in the wave is thrown back as a re- 
flection. 

A very instructive illustration of these phenomena is given in Figure 
1. In the upper part of the figure a rope fastened to a wall at B is held 
at the other end in the hand. A quick movement of the hand at A starts 
a wave down the rope. This wave travels at a definite velocity for a 
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Fic. 1.—Refraction and reflection of wave in elastic rope. 


specified weight of rope. On reaching B, most of the energy in the wave is 
reflected back toward A. A small part of the energy is refracted and 
actually causes the wall to move, though very slightly. This illustrates 
a very efficient reflecting contact between two media. 

If, as in the lower part of Figure 1, two ropes of different weights 
are fastened together at C, a somewhat more complicated example of 
the same phenomena presents itself. In view of this difference in weight, 
the velocity of a wave is different in the two ropes. A wave travelling 
down the light rope from its starting point at A is partly refracted and 
partly reflected at che junction of the two ropes, C, as well as at B. On 
reaching C a reflected wave starts back toward A and a refracted wave 
starts travelling toward B in the heavy rope at a slower speed than the 
original wave travelled in the light rope. On reaching B this wave is 
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mostly reflected as in the previous illustration. B is, of course, a much 
better reflecting point than C, because the wall is much more rigid than 
the rope. It should be borne in mind that at a junction point where re- 
fractions and reflections occur, the sum total of the energy in the re- 
fracted and reflected waves equals the energy in the original wave. A 
good reflector point, therefore, means one at which a large part of the 
arriving energy is reflected back while a small part travels on as a re- 
fracted wave. 

In the previous illustration we dealt with points of contact between 
two media. Practically, we are concerned with planes of contact between 
solid earth materials of different elastic properties. Though this case is 
obviously more complicated, the same fundamental theory applies. The 
device of the ropes admirably illustrates the occurrence of reflections, 
but does not demonstrate the special case of refractions, of greatest value 
in seismography. 

Figure 2 illustrates a simple condition of a soft low-speed and homo- 
geneous earth material overlying a hard high-speed rock which is also 
homogeneous. The detonation of a charge of explosive at the surface of 
the ground generates an elastic wave of spherical wave front. What 
happens to the energy in various parts of this wave front is to be consid- 
ered. Instead of considering the wave front, it is simpler to use rays which 
are normal to the wave front. There are, of course, an infinite number of 
these rays radiating into the earth from the shot point A. 

As stated previously, the velocity of a wave through any medium 
depends only on the physical constants of the medium, specifically the 
elasticity and the density. It is true that the velocity does depend to a 
certain extent on the coefficient of absorption of the medium, but this is 
in general of second order in importance and is here neglected. The co- 
efficient of absorption determines the loss of energy in a wave caused by 
molecular friction. 

The velocity of a disturbance may be expressed simply: 


D 


where V is the velocity, E is the appropriate coefficient of elasticity, and 
D is the density. In non-rigid media, such as fluids, E is simply the in- 
compressibility, whereas in rigid media E is a function of both the in- 
compressibility and the rigidity coefficient and may be expressed thus: 


V / I+4/;K 
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where J is the coefficient of incompressibility, K is the rigidity coefficient, 
and D has the same meaning as in the first equation. 

The foregoing expressions are for longitudinal waves. In longitu- 
dinal waves the vibration of the particles is in the direction of wave prop- 
agation. Transverse waves also are generated in which the particles of 
the medium vibrate at right angles to the direction of travel of the dis- 
turbance. In all that follows, longitudinal waves only are considered. 
The velocity of the transverse wave, however, is determined from the 


following relation: 
D 


where K is the coefficient of rigidity. 
As the speed of propagation depends only on these physical con- 


stants of a medium, the longitudinal wave travels in all directions at the . 


same speed in a homogeneous medium. It is obvious that a homogeneous 
medium must be one which has the same physical constants at all points 
and in all directions in the medium. By a non-homogeneous medium is 
meant one in which the physical properties and the velocity of a dis- 
turbance vary in different parts of the medium. The earth is such a 
medium. It is the non-homogeneity of the earth which gives value to 
the science of seismography. Variations in density are slight compared 
with variations in elasticity. Hard limestones occur overlain by rela- 
tively soft shales. The difference in elasticity of these two materials 
makes possible definite refractions and reflections. Hard limestones 
exist in which the velocity is ten times the velocity at the surface. This 
means that the elasticity of such a limestone must be one hundred times 
the elasticity of the surface materials, as there is very little difference in 
density. Even in undifferentiated alluvial sediments the velocity in- 
creases with depth as a result of overburdening. Such a gradual change 
of velocity has no practical value. It is the abrupt changes that are 
valuable. 

Referring again to Figure 2, the simplest example is that of the ray 
directed vertically downward, AB. On reaching B, some of the energy 
in the wave is reflected vertically upward while the remaining part 
generates a wave in the lower medium which travels vertically downward, 
BC, and, of course, at a greater speed. This is the only example in which 
the direction of the refracted wave is the same as that of the incident 
wave. 

Now consider a ray travelling obliquely downward, as AF. The 
refracted ray is bent as shown at FG so that the ratio of sine a to sine c 
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Fic. 2.—Refraction and reflection of waves in passing from low-speed to high-speed 
medium. 


equals the ratio of velocity in the upper medium to velocity in the lower 
medium. The direction of the reflected ray is such that the angles a and 
b are equal. Refracted and reflected rays must always obey these two 
simple fundamental laws, which may be summarized: 


Sine a V; 
Sine c V2 
a=6 


where IV, is the velocity in the upper medium and V, in the lower. Angle 
a is known as the angle of incidence, angle } the angle of reflection, and 
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angle c the angle of refraction. Increasing the angle of incidence finally 
leads to the limiting case beyond which all the energy is reflected and 
none is refracted. Such an angle of incidence is known as the critical 
angle. In this case: 


Sine a = = 


This limiting case is illustrated by the ray AK. The refracted ray AM 
travels along the contact plane between the two media. This particular 
refracted ray is the one so much used when using the refraction method 
for determining structure and is referred to later where that method is 
discussed. 

In actual practice homogeneous strata depicted in Figure 2 are not 
encountered. There is in all cases an increase of velocity with depth, 
as a result of which the rays are slightly curved due, of course, to a grad- 
ual refraction. In the diagrams, with one exception, this curvature is 
neglected for the sake of simplicity. No serious inaccuracy can result 
from this procedure. 


REFRACTION METHOD; SALT-DOME EXPLORATION 


Seismography found its first practical application in the United 
States in the field of salt-dome exploration on the Gulf Coast of Texas 
in 1924. It was a logical and fortunate introduction of a method that was 
later to extend its usefulness to exploring other types of geologic struc- 
ture. The first domes sought were very shallow, as deep domes, later 
discovered, were not at the time known to exist. Naturally those known 
at the time were only the shallow domes which had given evidence of 
their presence by surface indications. 

The problem was ideal for the seismograph. The relatively large 
masses of high-speed salt were intruded in uniform and low-speed sed- 
imentary rocks. The velocity in salt may be almost as much as three 
times the velocity in the rocks which it has displaced. The velocity in 
salt is 16,000 feet per second, whereas the normal velocity in the surface 
sediments may be as low as 5,500 feet per second. Time anomalies of '% 
second were not. exceptional, because of the presence of the salt plug. 

In the upper part of Figure 3 the path of the initial impulse arriving 
at a recording instrument from the shot point is indicated. The curva- 
ture of the path is caused, as before mentioned, by the fact that the 
velocity in the sediments increases gradually with depth. If there is a 
buried salt dome between the shot and recording points, the first dis- 
turbance to reach the recorder is one which has travelled in part through 
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Fic. 3.—Shortest time paths (upper) in sediments and (lower) with salt dome 
present. 


the high-speed salt. For a dome a mile in diameter, which is a fair av- 
erage, the saving in time is approximately 0.6 second; obviously, the pres- 
ence of the dome is easily detected. 

As the method was applied to progressively deeper domes, the time 
anomalies to be expected became correspondingly less. It became 
necessary to increase the accuracy of timing to at least 0.01 second. 
Whereas the distance between shot and recorder points was previously 
determined by timing the air wave travelling from shot to recorder, it 
now became necessary carefully to survey this distance, especially as, 
for the deeper domes, it was necessary to place the recorder farther away 
from the shot point. Though a mile or two had been sufficient for the 
very shallow domes, it was found necessary to use 6-8 miles for the deep 
domes. This, of course, meant larger charges of dynamite, charges as 
large as 1,000 pounds being used for a single shot. The large charge re- 
quired and the increased accuracy necessary in determining the distance 
between shot and recorder made the work increasingly expensive; also, 
the smaller time anomalies exhibited by the deeper domes made the 
results less reliable. However, in a period of 7 years many domes have 
been discovered by the seismograph. 


REFRACTION METHOD; STRUCTURE DETERMINATION 


In the study of the comparatively simple problem of searching for 
salt domes, the attempt was cautiously made to extend the range of 
usefulness of the seismograph method. Having found a dome, it was 
desirable to define it in as much detail as possible. It was possible to 
contour the top of the dome and determine its top edge. 
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The essentials of this method are illustrated in Figure 4. The re- 
fracting layer indicated may be a part of the top of the salt dome. It 
was mentioned previously that beyond a certain angle of incidence all 
the energy in an arriving disturbance is thrown back as reflected energy 
and none is refracted into the second medium. This angle of incidence 
is known as the critical angle. The ray shown in Figure 4 is assumed 
to be arriving at the contact of the salt and sediments at this angle. A 
part of the energy is consequently refracted along the contact surface. 
Some of this energy returns to the surface and registers on the recorder 
as shown. If the distance between the shot and recorder points is known 
and the velocity in the refracting layer is also known, by measuring 
the time necessary to travel over the path indicated it becomes a very 
simple problem in geometry to determine the depth to the refracting 
salt layer. By placing several recorders in a line at known distances 
from the shot point, called profiling, it is possible to determine the 
velocity of the refracting stratum. If the layer is not horizontal, it is 
still possible, by reversing the profile direction, to determine its velocity 
and at the same time determine the slope. By this procedure the config- 
uration of the top of the salt may be accurately determined. Obviously, 
the method may be extended to any high-speed stratum other than salt 
domes. The thicker and more uniform the stratum, the greater the ease 
with which it may be worked. The method has in fact been extended to 
the determination of the configuration of several successive strata. The 
method is particularly adaptable to such regions as West Texas, though 
less applicable to a region such as Oklahoma. 
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Fic. 4.—Path of wave at critical angle refraction as used to determine structure 
by refraction method. 
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If, in the method of profiling mentioned, the distances from the shot 
to the recorder points are plotted against the times of arrival for these 
distances, the graph shown in Figure 4A results. Three lines are shown 
on this graph. The points falling on the first line are the directly trans- 
mitted disturbances, whereas the second and third lines are the result of 
refractions from each of two high-speed strata. The slopes of these lines 
represent the velocities in each of the three media. 

There is at the surface a thin layer of weathered sediments the ve- 
locity of which is very low. It is necessary to determine the thickness of 
this and the elevations of the shot and recorder points in order to secure 
the greatest accuracy. 

REFLECTIONS 


As mentioned previously, refractions and reflections are closely 
related. One phenomenon rarely occurs without the other. Therefore, 
it is merely necessary to use the proper instruments and technique in 
order to separate and make usable the reflected energy that manifestly 
must be present whenever a disturbance is initiated. Reflections have 
been identified and have proved more valuable and certainly have per- 
mitted greater accuracy than refractions. In the refraction method, 
only the initial arrival of energy at the recorder was used, because other 
than initial arrival of energy is more difficult to interpret. The use of 
reflections, therefore, obviously means a refinement of instruments and 
method. 

In the refraction method the distance between shot and recorder 
points is several times the depth of the refracting horizon, but in the 
reflection method this distance is only a fraction of the depth to the 
reflecting stratum, as shown in Figure 5. Here is shown the path of a 
reflected disturbance. It should be noticed that the projection of the 
point of reflection on the surface is midway between the shot and recorder 
points when the reflecting layer is horizontal. This satisfies the law of 
reflections that the angle of incidence a must equal the angle of reflection 
b. By measuring the time between the explosion of the charge and the 
arrival of the reflected disturbance at the recorder and knowing the 
average velocity through the medium, the length of the travelled path 
may be determined. By measuring the distance between the shot and 
recorder points, the depth may easily be computed as follows: 
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Fic. 5.—Path of reflected wave. 


where Z is the depth, V is the average velocity from the surface to the 
reflecting stratum, 7 is the time of travel mentioned, and X is the dis- 
tance between shot and recorder points. 

The average velocity through the medium above the reflecting layer 
is a function of the depth of this layer. As a result, the path of the dis- 
turbance is not a straight line as shown in Figure 5, but is curved as shown 
by the full line in Figure 6. For simplicity the straight path is used in 
all of the diagrams. The average velocity may be accurately determined 
by lowering a recording instrument into a well and shooting charges on 
the surface. A velocity so determined may be used in a large area. Asa 
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Fic. 6.—Curvature of path due to increasing velocity with depth. 

matter of fact, as the accurate determination of relative depths is of 
greatest importance, it is generally possible to assume an approximate 
velocity which meets the general requirements of accuracy for absolute 
depths. Where a well is available, it is possible to check this velocity 
without lowering a recording instrument into it provided the reflecting 
strata are not too close together, and the reflections may therefore be 
definitely identified. In general, in the course of a shooting program, 
wells are thus checked as they are encountered. An approximate velocity 
may be determined by arranging several instruments in profile. The 
foregoing equation of the path of the disturbance is obviously a linear 
equation between X? and 7°. Thus, if X? is plotted against 7°, the straight 
line obtained has a slope equal to V?. The velocity may thus be deter- 
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mined as shown in Figure 6A. The method is not very accurate, as 
second order quantities in time are being used. All of these methods, 
however, combined with experience, permit a fair estimate of the ve- 
locity. 

The accuracy of the method requires that allowance be made for 
the thin weathered layer at the surface, as shown exaggerated in Figure 7. 
A representative thickness for this weathered layer is approximately 30 
feet. As the velocity in it is very low—2,000 feet per second as com- 
pared with 8,000 in the unweathered layer below it—it can not be av- 
eraged with this layer but must be separated, as it varies considerably 
in thickness. This is accomplished by shooting a small charge at the 
shot and recorder points. The thickness of this layer and the time con- 
sumed in it are thus determined by the refraction obtained from the un- 
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Fic. 7.—Weathered layer (exaggerated). 
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weathered layer. This is the refraction method applied on a miniature 
scale. If not accounted for separately in some such manner as this, it 
may easily introduce an error in depth determination of too feet or more. 
By taking this layer into account and also by determining elevations 
of shot and recorder points, the general, relative accuracy between two 
datums obtained by this method is found to be approximately 0.5 per 
cent. In order to accomplish this, all time measurements must be ac- 
curate to o.oo1 second. The determination of distance between shot and 
recorder points need not be very accurate. 

In most places several reflecting strata are present in the sub- 
surface, as shown in Figure 8. The recorder responds to each of these re- 
flections as it arrives. 
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Fic. 8.—Multiple reflections. 
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The question of identifying reflections naturally arises. The most 
valuable aid in this identification is the use of several recording instru- 
ments, the movements of which are photographed simultaneously on the 
same strip of paper. These recorders are arranged as shown in Figure 9. 
The output of each of these recorders is amplified electrically by the de- 
sired amount, thus being made to actuate a galvanometer. The motions 
of the several galvanometers are photographed on the same strip of paper. 
This strip also has timing lines photographed on it so that the time of 
arrival of each reflection may be determined. Obviously, in Figure 9 
the lengths of the four reflection paths from the shot point to the four 
recorders are not very different. If the recorders are fairly close to the 
shot point, the time differences between these paths may not be more 
than a few thousandths of a second and in general are not more than 
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Fic. 9.—Multiple recorders. 
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0.004 or 0.005. This relation of time of arrival is the principal criterion 
for the identification of reflections. The differences in arrival time of 
any other type of wave are considerably greater. For example, the incre- 
ment of time for the directly transmitted wave is approximately 0.02 
second. For refractions from shallow beds to be confused with the re- 
flections would require exorbitantly high velocities in these shallow beds. 
Beds showing such velocities do not exist. 

As a matter of fact there is no great difficulty in identifying retlec- 
tions on the record. Any difficulties that may present themselves are 
ordinarily those caused by the presence of too many reflecting strata too 
close together and the consequent appearance on the record of too many 
reflections. This, of course, can not be altered without altering the sub- 
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Fic. 10.—Reflections from sloping surface. 
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surface itself. In general, it is possible to predict the ease or difficulty 
with which the reflection method may be applied by a study of the geo- 
logic column. Well defined hard limestones with shale and sand, especial- 
ly shale, above them, may be depended on to give good reflections, where- 
as poorly defined, broken, and siliceous limestones without definite shale 
breaks may offer difficulties. 

Where the reflecting stratum is sloping, as in Figure 10, if the slope 
is sufficiently great, the reflection may arrive at the recorder farthest 
from the shot point sooner than at the nearest recorder. Where slopes 
are sufficiently great, this method may be used to determine slope and, 
where correlation is difficult, it may be used as an aid to correlation. 

Where the presence of a fault is suspected it may be possible to 
arrange the recorders and shot point so that the fault bears the relation 
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Fic. 11.—Reflections across fault. 
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shown in Figure 11. The profile may then be reversed, further to check 
the fault. As a result of the abrupt change in length of the reflection 
paths due to the fault, the reflections on the record show a similar abrupt 
shift. 

The average amount of dynamite used to obtain reflections is ap- 
proximately 3 pounds per shot. In some places the cost of electric blast- 
ing caps may actually equal the cost of dynamite, but generally the cost 
is 50 per cent of the dynamite cost. It may safely be predicted that in 
the near future the average charge of dynamite for depths of 6,000 feet 
will not be more than one pound. Even at present the cost of dynamite 
is only 3 per cent of the total operating costs. As a result of the small 
charges necessary, damages resulting from the explosion are negligible. 

As previously mentioned, the essential problem is that of identifying 
the reflections from shot point to shot point. In those places where there 
is but one outstanding reflection, this is a simple matter. Generally, 
where there is more than one reflecting stratum, the group of reflections 
has a characteristic appearance, as shown by the group of two reflections 
obtained from each of two shot points which were located a mile apart 
(Fig. 12). The vertical lines on these records mark off hundredths of a 
second and, by interpolating, the arrival of the reflection pulses may be 
determined to 0.001 second. The four traces are actuated by the four 
recording instruments already described. Although the frequency indi- 
cated in Figure 12 is 50 cycles, this may vary between 15 and too, de- 
pending on the nature of the surface and subsurface rocks and the depth 
of the reflector. 


DISCUSSION 


B. B. WEATHERBY, Tulsa, Oklahoma (written discussion received, June 
15, 1931): This paper should be of considerable interest to all geologists, but 
particularly to those of the Mid-Continent area. As a group, Gulf Coast geol- 
ogists are better acquainted with the method, mainly because it was forced 
upon them some years ago after most of the surface had been worked for dome 
indications. 

Very little has been published previously concerning reflection work, 
which is now becoming better known in the Mid-Continent area. As a matter 
of fact, until recently, many geophysicists denied the existence of reflections. 
It was natural that after several notable successes the method should come to 
the front. Inasmuch as the seismograph is a tool by which the geologist can 
greatly increase his success, particularly when his usual methods are becoming 
more and more difficult, it behooves him to learn all he can about the compar- 
atively new reflection method. 

This article is a good beginning in this direction. As the energy paths in 
seismology are very similar to those in optics, it is advisable to read also the 
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chapters on the refraction and reflection of light in any standard physics text 
book. 

Where it can be used, the reflection method has one great advantage over 
the fan shooting as it was conducted in the Gulf Coast. The older type of coast 
shooting denoted only the presence or absence of salt domes. Consequently, 
most of the data obtained were valueless to the geologist. The reflection 
method, however, gives datum figures on specific beds, and, in conjunction with 
existing subsurface control, permits the geologist to determine the geology of 
large areas where, at present, the best that can be done is to interpolate between 
wells. Consequently, it not only is a great asset in the discovery of petroliferous 
structures, but it is also increasing geological knowledge to a marked extent. 


G. H. Westsy, Bartlesville, Oklahoma (written discussion received Au- 
gust 20, 1931): During the past year many Mid-Continent geologists were 
called on to re-examine their determinations of formation datums in wells to 
permit a closer correlation with seismic reflection data. Errors were found 
in some determinations or crooked holes were suspected. Most of the seismic- 
geologic correlations could not be improved. It is probable that some of these 
men who feel certain of most of their well datums would not agree with Mr. 
McDermott’s statement that generally the relative accuracy between two 
datums obtained by the seismic method is approximately 0.5 per cent. Despite 
this disagreement, and fully realizing the possibilities of error in seismic work, 
most men who have worked with the reflection method feel that it is second only 
to the use of well samples for the determination of subsurface structure. With 
this in mind, it seems pertinent to append to Mr. McDermott’s excellent paper 
a short discussion of the present possibilities of error in the reflection method. 

Most of the relative errors in the determination of formation datum points 
by the reflection method are results of the following causes. 


E. Use of erroneous average velocity in calculations 

II. Errors in the determination of the travel time of reflected or direct 
impulses 

III. Insufficient data accurately to correlate reflections from point to 
point 


I. The use of erroneous average velocity in calculation may be caused 
by several conditions. 

1. Inability to detect and allow for rapid variation in average velocity. 

The average velocity to a certain stratum is a function of the stratigraphic 
section above that stratum. Abrupt lateral variation in character of beds or 
variation in thickness of limestones affects the velocity. Though variations 
in velocity from this cause are less than might be expected, it remains as a source 
of appreciable error. 

Seismic Viola datums are in many places affected by changes in the thick- 
ness of the Hunton or Mississippian limestone. For example, a change in the 
thickness of the Hunton limestone from 100 to 300 feet between two seismic 
stations introduces a relative error of approximately 60 feet in the Viola datums 
of these points. If the top of the Mississippian or Hunton affords a good re- 
flection, the influence of the thickness of these limestones on the velocity to 
the Viola can be appreciated and partly eliminated. Where the Mississippian 
limestone thins over structure, the ordinary effect is to indicate a relief on the 
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a Viola which is less than actual relief. If the changes occur in limestones higher 
in the section, a more serious problem is ordinarily presented and error occurs 
which may escape detection. 

2. Inability to make corrections locally for gradual changes in average 

velocity. 

From the Seminole area to a point nearly 80 miles north, the average 
velocity to a depth of 3,500 feet increases approximately 1,000 feet per second. 
i This change is a function of sedimentation and is probably the result of increase 
in limestone content of the section toward the north. On the assumption that 
this change is uniform, the use of one velocity chart for calculation of depth 
points in an area four townships long north and south results in contouring on 
an inclined plane and the relative error between points on the north and south 
sides of the area is approximately 150 feet. 

3. Inability to construct a velocity depth curve which will hold for vary- 
ing depths to a certain formation on anticlines and in synclines. 

% This inadequate knowledge of the average velocity gradient presents only 

4 a small error unless the relief is great. 

ig, 4. The use of a varying shot point to detector distance. 

‘ The average velocity to a certain depth is a function also of the distance 

between shot point and detector. This is a result of change of path by refrac- 

tion. It can be eliminated by using a constant or nearly constant shooting 
distance. 

5. The use of a constant average velocity. 

Where the actual structural relief is great, considerable error may be in- 
troduced. If a velocity is used which is less than actual, a diminishing in struc- 
tural relief will result. However, under some conditions, a constant average 
velocity affords better results than the use of an increase of average velocity | 
with depth. 

6. The assumption of a 2,000-foot velocity for the weathered zone and an 
8,000-foot velocity for the unweathered. 

These are approximations which may be locally in error. 

To evaluate properly the foregoing possibilities of error, it must be noticed 
that only possibilities 1 and 6 might cause a false determination of the high 
point of structure. The other possibilities would distort the shape of a structure 
and give a false impression of the magnitude of the regional structure. 

II. Error in the determination of the travel time of reflected or direct 
impulses may be caused by the following. 


Seconds 
} 1. Inability to read records more closely than— 
a. Error in reading weathering record time break......... +0.001 
b. Error in reading weathering shot arrival time... . . .... 20.002 
c. Error in reading time break of reflection record......... +0.001 


d. Error in selecting and reading time of reflected impulse. . to.001 


To this figure may be added +0.003 which from experience is the probable 
error in the weathering correction method. However, as the probable error of 
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the result is equal to the square root of the sum of the squares of the individual 
errors, the probable error from these causes is + .004 sec. or + 25’ at 5,000 feet. 

2. Inability to determine the same point on reflected impulse from record 
to record. 

It is to be noticed that the selection of arrival time of the reflections as 
shown in figure 12 is not the moment of first arrival of the reflected impulse, but 
a point somewhat later. It is difficult to select this same point on the reflected 
impulse in every record. An error of a full period, or about 120 feet in depth, 
is most frequently made, but ordinarily can be detected in contouring. An 
error of a half period, or about 60 feet, may pass unnoticed. 

3. Variation from true time of point selected for arrival of a reflected 
impulse when interference with the preceding impulse occurs. 

In the lower illustration of Figure 12, the second impulse on each trace 
interferes with the preceding impulse and the reflection is selected at the in- 
terference pattern. The position of this point may vary depending on the ratio 
of the amplitude of the preceding impulse to the incoming impulse. Theoret- 
ically this point may vary 0.005 second from the true time. This is partly an 
instrumental characteristic and may change with different seismic equipment. 

4. Discrepancy between time signal of explosion and actual explosion of 
dynamite. 

This may be the result of defective blasting caps or blasting equipment 
and can be easily eliminated. However, such errors may exist for some time 
before being detected. 

5. Errors in time-measuring device of seismic equipment. 

Because of the present excellence of most of the timing instruments this 
error is now negligible. Formerly it was a serious and abstruse error. 

In summary, each of the foregoing possibilities of error might give a false 
position for the crest of a structure. 

III. Insufficient data accurately to correlate reflections from point to 
point. 

A reflected wave shows on the seismic record as an impulse. In appearance 
on the record there is nothing to distinguish an impulse received from the 
Checkerboard limestone from an impulse received from the Dewey limestone. 
If two reflecting horizons occur close together, as shown in Figure 12, this 
“character” of impulse is retained as long as the upper limestone and the 
intervening shale remain constant in thickness. If either of these changes 
appreciably the “character” changes. ‘‘Character” correlation by itself, 
therefore, may be misleading. 

Reflections are ordinarily obtained from limestones in excess of 30 feet 
which are overlain by shale. It is customary to obtain several reflections on 
each record and to correlate these groups of reflections from one position to 
another by means of the intervals. It happens, for no reason known at present, 
that a reflection which is strong on one record may fail to appear on the next. 
The correlation of these seismic logs is similar to the correlation of well logs 
on which some lime tops only were indicated with driller’s log accuracy. It is 
a difficult task where intervals vary within short distances. Where several re- 
flections occur close together, errors in correlations may be made if all reflections 
do not occur on every record. It is impossible to indicate what error might be 
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possible from mistakes in correlation, but it is necessary in evaluating a seismic 
structure to realize such possibilities. 

The percentage of relative error is here understood as the ratio of the ab- 
solute error in determining the difference in datum between two points to the 
mean depth of the two points. This is obviously a function also of the distance 
between the two points, since lateral velocity variation is a function of distance. 
With this qualification, it is true that, in a small area with many wells where seis- 
mic depth points are close together, the relative error may be only o.5 per cent. 
However, with the usual mile control in an area with few wells, the relative 
error is probably of the order of 1 to 1.5 per cent for the better points. It is of 
indeterminate amount where reflections are poor and correlations questionable. 

Despite the foregoing possibilities of error, it must be reiterated that most 
men who have followed the results of seismic work during the past year are 
convinced of its great value. There is reason to expect improvements in equip- 
ment and technique which will increase the present efficiency. 

In order to obtain knowledge of the velocity variations throughout the 
Mid-Continent region so that correct geologic seismic correlation can be made, 
it is suggested that seismic data at drilled wells be exchanged by companies 
engaged in reflection shooting. This type of codperation would be similar to 
an exchange of well samples. 


Paut WEAVER, Houston, ‘fexas (written discussion received, August 21, 
1931): Mr. McDermott calls attention to the importance of determination of 
the thickness of the “weathered layer” in accurate reflection work. In many 
places the thickness of this layer is greater than that which the geologist calls 
the “zone of weathering,” and pending a more thorough analysis of the problem 
of the low velocity of seismic waves near the surface, it seems advisable to use 
the expression suggested by McCollum, “surface correction zone,’”’ because 
for it a “surface correction” is applied to the travel time. This zone has a low 
velocity, even in areas where diluvium, alluvium, et cetera, are thin or absent, 
such velocity extending much deeper than the deepest level of the ground water. 
The velocity is much lower than that of the beds immediately below, even when 
the geologist fails to detect a change. 

It is suggested that, as overlying beds are removed by erosion, the lower 
beds thus released from pressure may manifest an “elastic rebound,” and cause 
a change in density, which manifests itself in a greater porosity near the surface 
than in the same lower beds where under greater cover. 

I hope that seismologists will measure the thickness of this “surface correc- 
tion zone,’ and compare the number of feet thus obtained with the number 
determined for the depth to lowest ground water, that is, the zone of weathering 
which the geologists consider. 
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BELLE ISLE TORSION-BALANCE SURVEY, ST. MARY 
PARISH, LOUISIANA’ 


DONALD C. BARTON? 
Houston, Texas 


ABSTRACT 


The geological prediction was made that the Belle Isle salt dome might be much 
larger than supposed. The torsion balance was used to corroborate that prediction. 
From the data of the torsion-balance survey, calculations were made of the probable 
depth, thickness, and edge of the cap rock. Seven sulphur tests were drilled on loca- 
tions made on the basis of the calculated conformation of the cap. The predictions 
in regard to depth were shown to be 73 per cent correct, and in regard to the thick- 
ness of the cap, 58 per cent correct. The causes of the errors were probably the un- 
favorable marshy terrane, the assumption of a slightly too small relative density for 
the cap rock, and the irregularity of the conformation of the dome. 


INTRODUCTION 


This paper records an actual ordinary torsion-balance survey and 
the degree of success which was obtained in an attempt to base quantita- 
tive predictions on the torsion-balance data. The choice of this survey 
for publication was not made on the basis of exact verification by sub- 
sequent drilling. The accuracy of the predictions may seem somewhat 
disappointingly poor, if the actual cap rock which was encountered in the 
subsequent test well is compared with the predicted cap rock (Fig. 3). 
The survey, however, accomplished successfully the qualitative and semi- 
quantitative tasks assigned to it. This survey is more or less representa- 
tive of the degree of success attained by the average successful geo- 
physical surveys, although it was made under adverse terrane condi- 
tions; most of the stations were on unstable marsh, and a lake precluded 
stations in a wide central area. 

The cap rock as a whole is thinner, deeper, and steeper than was 
predicted and the inner part of the cap was very much thinner than was 
shown in the calculated west-east and southwest-northeast sections. 
These errors are in part caused by two factors: the absence of stations in 


‘Read before the Association at the San Antonio meeting, March 21, 1931. Man- 
uscript received, March 20, 1931. Data released for publication through the courtesy 
of the Freeport Sulphur Company and Belle Oil Corporation. 


2Consulting geologist and geophysicist. 
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South Pond, and the fact that, mathematically, a limited series of bodies 
may produce the same gradient profile, particularly if the probable error 
of observation at each station is moderately large and if, as at Belle 
Isle, the available gradient profile does not sufficiently cover the anomaly. 

Location.—Belle Isle salt dome is in T. 17-18 S., R. 10 E., in St. Mary 
Parish, Louisiana, 15 miles south-southwest of Morgan City. Belle Isle 
properly is a triangular island of dry land which rises out of the flat low 
marshes to a maximum elevation of 80 feet. It lies in the sea marsh at 
the shore of Atchafalaya Bay. South Pond (Belle Isle Lake) marks the 
center of the dome. 

History.—The exploration of Belle Isle began in 1896 when Captain 
Lucas drilled his well on the west edge of the island. The presence of the 
salt was disclosed by Lucas’ second well, which was drilled in 1897 in 
the northern part of the island. After a series of wells were crilled to 
outline the salt, two unsuccessful attempts were made to sink shafts 
into the salt and to mine the salt. 

Several tests were drilled for oil in the period 1906-1916. 

Six sulphur tests were drilled during 1916-17 under the direction of 
Captain Lucas. In 1921, the Union Sulphur Company drilled more 
sulphur tests on the dome and oil tests on the north and east flank. 

The top of the cap-salt core of a salt dome had been shown by the 
drilling prior to 1929 to be coincident with the island of Belle Isle (Fig. 1). 
That drilling had been confined to the area of the island and to the edge 
of the marsh on the east side and north point of the island. The edge of 
the dome had been delimited by deep flank wells only on the east and 
north. The physiography indicated that the northwest edge of the island 
probably marked the northwest edge of the dome. The position of the 
south edge of the dome was indefinite. There is a south dip on the top 
of the salt from the center of the island to Syndicate well No. 5 at the head 
of South Pond and the assumption was made by many geologists that 
the south edge of the dome lay in the pond, 1,000-1,500 feet south of that 
well. The belief was held by some geologists that South Pond reflected 
the presence of the dome and the south edge of the dome probably lay 
south of the pond. The salt domes of the Five Islands have a common 
individuality that is not shared with the other domes of the Gulf Coast. 
One of the features of that common individuality is a diameter of ap- 
proximately 2 miles. South Pond is an exceptional lake in the marshes 
of St. Mary Parish and its position on the indefinitely delimited side of 
the Belle Isle dome seemed definitely suggestive. 
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- 1.—Known and predicted conformation of Belle Isle salt dome in advance of torsion-balance 
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In a report made to the Freeport Sulphur Company in 1928, the 
writer stated that the dome probably extended under the pond, as far 
as the shore of Atchafalaya Bay and possibly slightly out under the 
bay, and that more than half of the probable cap-rock area had not been 
explored. The company made a torsion-balance survey of the dome and 
in 1929-30 drilled seven cap-rock tests in the southwest quadrant of the 
dome. The locations for the tests were made on the basis of the torsion- 
balance survey. 

The results of the Freeport Sulphur Company’s tests, as well as of 
the Union Sulphur Company’s tests and of earlier cap-rock tests, con- 
demn the dome as a favorable sulphur prospect, although there probably 
remains a narrow band of untested cap-rock on the northwest flank of 
the dome. The top of the dome has been condemned for cap and super- 
cap oil production. The flank sands are practically untested. Good 
showings of 37° Bé. gravity oil have been found in the salt—in Knapp 
No. 1 at 125 feet and from 1,500 to 3,171 feet—and suggest that oil 
sands may be present in considerable depth. 

Geologic situation.—The Belle Isle salt dome rises through an enor- 
mously thick stratigraphic section of late Tertiary sediments. Paleon- 
tological data are not available for the few moderately deep wells at. 
Belle Isle, but from more recent deep drilling in this general area, it seems 
probable that the Pleistocene and Pliocene beds together have a thickness 
of more than 6,000 feet at Belle Isle. The thickness of the Miocene and 
older formations is not known. 


TORSION-BALANCE SURVEY 


Tasks.—The tasks which were attempted by use of the torsion bal- 
ance in the survey of the dome were: (1) to verify or disprove the pre- 
dictions of the extension of the dome to the shore of Atchafalaya Bay; 
(2) to determine whether a sufficiently thick cap rock was present at a 
sufficiently shallow depth and on a sufficiently large area to make the 
unexplored area a favorable sulphur prospect, and (3) to determine the 
edge of the cap so that locations could be made for wells for the purpose 
of exploring the cap near its edge. 

Survey.—The field survey was made under the direction of the writer 
by C. I. McGlothlin, torsion-balance observer of the Freeport Sulphur 
Company, during the winter of 1928-29. Two large Siiss (visual) torsion 
balances were used. Observations in general were made only during the 
day time; the observation at each station was continued until five suc- 
cessive good readings had been taken. 
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Most of the terrane was poor. Except for a few stations on the dry 
land of the island, the stations were on the sea marsh, which in general 
is covered with coarse, hummocky grass. The marsh is so soft that an 
11-foot length of 2-inch pipe can be pushed into the marsh, level with 
the surface, by two men and pulled up by three men. Each foot of the 
instrument tripod was placed on the top of such an 11-foot length pushed 
down flush with the surface of the marsh. The instrument house was 
placed directly on the marsh. At times the foot of the instrument was 
under water. It was impracticable to clear off and level the station site; 
and on account of the grass hummocks and the soft characier of the mud- 
dy ground between hummocks, the conclusion was reached that less 
error would be introduced by neglecting the terrane correction of the 
marsh stations than by taking levels and calculating the correction. 

The instruments and shelter houses were carried by hand. On ac- 
count of the difficulty of movement across the marsh and the many 
readings which had to be taken at each station, only one station per day 
per instrument could be obtained in the marsh. 

A long east-west line of stations on the beach, and eight radial lines 
of stations were occupied. An average station interval of 400 feet was 
used. Although stations in South Pond would have been desirable, no 
attempt was made to occupy them because of the difficulties in occupying 
stations in the water. 

Results of survey.—The results of the field survey are shown in Figure 
2. The results of the preliminary line of stations which were occupied 
along the beach showed that the dome extends south of South Pond but 
does not reach the beach, that probably considerable cap rock might be 
expected on the south end of the dome, and that it would be advanta- 
geous for the Freeport Sulphur Company to make a detailed torsion- 
balance survey of the dome. 

The results of the west, southwest, south, and southeast radial lines 
of stations showed that the Belle Isle sait dome is elliptical in plan, that 
its major axis has a north-northeast strike and a length of approxi- 
mately 2 miles, and that much cap rock might be expected in a broad 
area south, southwest, and west of South Pond, probably at moderate 
depth. The approximate position of the edge of the dome is delineated 
in the gradient arrow map (Fig. 2) by the zone of maximum gradient 
which from tangency to the east side of the island swings clockwise 
across the outlet to South Pond, then southwest and west of South Pond 
to tangency to the northwest edge of the island. 
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Fic. 2.—Gradient arrow map of Belle Isle salt dome. 
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The results of the field survey with the torsion balance, therefore, 
qualitatively verified the prediction of a large unexplored area of cap 
rock. The next task was to make a quantitative calculation of the 
amount and depth of the cap rock and the position of its edge. 

Cap-rock calculations—The calculation of the amount, depth, and 
edge of the cap rock was made by a series of trial and error calculations, 
profile by profile. A trial cross section of the dome along the selected 
profile was sketched; its gradient profile was calculated and then com- 
pared with the observed gradient profile; the trial cross section was re- 
molded or replaced by a new sketch cross section; the gradient profile 
was calculated and compared with the observed gradient profile; the 
cycle was continued until a cross section was found whose calculated 
gradient profile fitted the observed gradient profile more closely than 
did the gradient profile of any of the other trial cross sections. 

The calculations in connection with the torsion-balance survey at 
Belle Isle were made graphically by means of one of the writer’s graphic 
charts (8).!. The principle of these charts is that space is divided into 
rectangular prisms at right angles to the vertical plane of the section; 
the length of the prisms is calculated so as to vary by some simple law to 
approximate the dimensions of the structure at right angles to the plane 
of the section; the cross section of each prism is so calculated that each 
prism produces a gradient of 1E at the origin; if the cross section of a 
structure is sketched on transparent paper and superimposed on the chart, 
it is necessary only to count squares and multiply by the specific gravity 
in order to obtain the gradient at the origin. The actual calculations in 
connection with the Belle Isle survey were made by the writer’s assistant, 
Mrs. Elizabeth B. Summers. 

The specific gravity relations which were used were those which 
seemed geologically the most probable on the basis of the laboratory 
determinations of the specific gravity of cores from the cap rock at Bryan 
Heights, Hoskins Mound, and other domes and from cores of sediments 
from depths less than 3,500 feet and on the basis of experience in previous 
calculations in connection with other domes. Those assumed density 
relations are given in Table I. 

For the purposes of checking, several other sets of assumptions were 
tried. Two of the more important sets of those assumptions are given 
in Table II. 


"Numbers in parenthesis refer to list of references at end of article. 
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The assumptions (A and B) of Table II gave a very much better 
agreement of the calculated with the observed gradient profiles than did 
the geologically more probable assumptions of Table I. The assumptions 
of Table II evolved more or less mathematically in the process of the 
calculations. Geological analyses of these assumptions*showed that 
geologically they were possible but somewhat improbable. Assumption 
A makes the specific gravity of the sediments slightly lower than seems 
probable and necessitates a content of approximately 15 per cent of an- 
hydrite in the salt. Assumption B uses the geologically most probable 
densities for the sediments but uses a density for the salt which connotes 
an average anhydrite content of approximately 24 per cent. But the 
average anhydrite content of the salt in the near-by Weeks and Avery 
Island salt mines is approximately 1 per cent, and in the two analyses 
of Belle Isle salt which are available, the percentage of NaC/ in the one 
analysis is 92.8 and in the other, 96.4. The density used for the salt in 
Table I connotes an anhydrite content of 7 per cent. An average anhy- 
drite content of considerably more than 7 per cent in the salt theoretically 
is not impossible, but has not been encountered in the shaft or the wells 
into the shale. The assumptions of Table II, therefore, were discarded on 
account of their geologic improbability and the geologically most prob- 
able assumptions of Table I were used, although mathematically they 
did not give as good results as did those discarded assumptions. 

The known data in regard to the depth of the top of the cap and of 
the salt were utilized and before the calculations were made for profiles 
in the unexplored areas, sections were calculated through the areas in 
which the conformation of the salt and cap were best known. 

The calculated structural sections for the profiles in the southwest 
quadrant are shown in Figure 3. Each structural section is the final 
choice out of a long series of sections calculated for that particular pro- 
file. If the structural sections which were calculated with the discarded 
density assumptions of Table II had been retained, the predictions re- 
garding the position of the edge of the cap and depth to the top of the 
cap would have been the same, but the thickness of the cap would have 
been predicted as approximately too feet. 

The calculated structure contours on the top of the cap, or, in the 
absence of the cap, on the salt, are shown in Figure 4. The structure 
contours were made to conform to the known data from the drilling in 
the northeast quadrant. 
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Fic. 3.—Calculated cross sections of southwest quadrant of Belle Isle salt dome 
and graphic logs of subsequent sulphur tests. 
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Fic. 4.—Structure contours on top of cap as predicted from calculations versus structure con- 
tours determined by results of drilling. 
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The following additional verbal predictions were made. 


Over South Pond the top of the cap seems to lie at a level of about 400 feet 
below the surface. There seems to be a moderate amount of cap present, of the 
order of 100 to 300 feet in thickness, but on account of the absence of stations 
in the lake, our estimates of the thickness are only very crude. 

In the southwest quadrant, west and southwest of South Pond, a moder- 
ately thick cap rock seems to slope gently west and southwestward. The thick- 
ness of the cap, according to our estimates, is of the order of 500 feet. The ac- 
tual thickness may be less or greater. There are slightly greater possibilities 
for the actual thickness to be somewhat less than for it to be greater... .. 

The odds that the cap is appreciably thinner than on the sections but still 
of very considerable thickness are 35 out of 100. 

The accuracy of the observations on which we had to base our calculations 
is fair, but is not as good as it was at Hoskins Mound or Bryan Heights. Prac- 
tically all the stations were taken on the marsh where it is impossible to get 
good station sites or to make first-class observations. The terrane is so soft 
and unstable that it is practically impossible to get readings which will check 
as well as we would like..... Slight indefiniteness in our knowledge of the 
actual gradient at each station throws a corresponding indefiniteness into the 
results of our calculations. 

The accuracy of the calculations is less for the relations of the salt than for 
the cap and the accuracy for either decreases rapidly with increase of depth 
below 1.500 feet. 


VERIFICATION 


Seven wells were drilled by the Freeport Sulphur Company in the 
previously wholly unexplored area of the southwest quadrant. The loca- 
tion of each test was based on the calculated structure contours of Fig- 
ure 4 and the calculated cross sections of Figure 3. 

The verification of the calculated predictions in regard to the cap 
rock qualitatively was good, although quantitatively there was an average 
error of 27 per cent in the predicted depth and of 42 per cent in the pre- 
dicted thickness of the cap (Table II]). The partial graphic well logs 
plotted in the profiles of Figure 3 and the dashed structure contours in 
the southwest quadrant of the dome in Figure 4 show graphically the 
degree of verification. 

The errors, in the main, are two: that the actual thickness of the cap 
is only two-thirds the predicted thickness and that the actual depths to 
the top of the cap were greater than the predicted depths on two profiles 
and less on the intervening profile. 

The calculated predictions, in spite of their error of 27-40 per cent, 
accomplished the purposes for which they were made. The cap was 
present in substantially the amount and position which were predicted 
and the predictions were sufficiently accurate to permit tests to be 
located in advance of exploration. 
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TABLE III 


VERIFICATION OF PREDICTED DEPTH AND THICKNESS OF THE CAP ROCK 
(Wells of Freeport Sulphur Company) 


Depth to Top of Cap Thickness of Cap 


Well | Total Character of Cap 
N umber Pre- |Actuai| Error | Pre- |Actual| Error Depth Rock 
dicted dicted 
I | 850 | 1,247 |—397 | 470) 442 + 28 | 1,853 Hard lime rock with cal- 
cite veins, mostly im- 
pervious 
2 690 660 + 30)| 510 644 —134 | 1,321 Same as foregoing 
3 1,180 | 1,672 |—492 410 253 +157 | 1,940 Same as foregoing 
4 | §50! 303 |+157 470 174 +2096 | 828 |Limestone and some gyp- 
sum and anhydrite 
5 | 650! 546 |+104 500 327 |+173 880 Same as foregoing 
6 | 860 | 1,058 |—108 740 | 387 +353 | 1,445 Broken lime rock and cal- 


cite; voids filled with 
sandy shale 

7 620) 426 +1094 730 149 (+581 580 Broken lime rock, calcite 
and gypsum; voids 
filled with sandy shale 


Percentage errors in predicted depth to the top of the cap: 
46, 4, 41, 28, 16, 23, 31 Numerical mean, 27 per cent 


Percentage error in predicted thickness of the cap: 
6, 26, 38, 63, 34, 47, 79 Numerical mean, 42 per cent 


CAUSES OF ERRORS 


The errors in the calculated predictions probably arise from a series 
of causes. 

The unfavorable conditions under which the observations were made 
are sufficient to account for considerable error in the magnitude of the 
observed gradient values. Because of the marsh terrane, it was imprac- 
ticable to maintain our normally rigorous limits of error in the readings. 
The impracticability of taking the terrane levels and of making the ter- 
rane corrections probably led to the introduction of some error into the 
observations. An error of even 1 E with the same sign at three con- 
secutive stations critically placed at the edge of the dome easily might 
cause considerable errors in the calculated position of the cap and in the 
calculated depth to the top of the cap on the flank. The error shown by 
well No. 1 on the west radius could be caused by an error of +2 E in the 
observed values of the gradient in the two stations above the predicted 
edge of the cap on that west radius. Errors in the observations at those 
stations are especially probable as the stations are near a bayou. 
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The error in the predicted thickness of the cap probably indicates 
¢ that the assumed relative density is too small. The relation holds very 
. roughly that if the relative density times the reciprocal of the area of 
@ cross section of a very long horizontal body is a constant, the gradient 
is constant. If, in the present calculations of the Belle Isle survey, too 

small a relative density were used for the cap rock, the predicted thick- 
| ness of the cap would be too great. The cap proved on the whole to be 
4 tight and to have little of the porosity commonly present in the lime 
rock of the cap. The assumed specific gravity of the sediments also 
may have been slightly too high and actual specific gravity of the sed- 
iments may be 1.9 to a depth of 700 feet and 2.0 from 700 to 1,200 feet 
instead of 1.9 from the surface to 300 feet, 2.00 from 300 to 700 feet, and 
2.1 from 700 to 1,200 feet, and the relative density might be 0.8 instead 
of 0.6. A difference between an actual relative density of 0.8 and the 
assumed relative density of 0.6 would be sufficient, substantially, to have 
caused the error in the prediction of the thickness of the cap. 
Irregularities of mass at right angles to the plane of the section can 
not be detected by this type of calculation. The gradient profile is 
essentially the same, whether the mass is concentrated in the vertical 
plane of the section, or a slightly greater mass is uniformly and 
symmetrically disposed at right angles, or a certain mass is symmetrically 
concentrated at two points on opposite sides of the plane of the section. 
The upper part of the Belle Isle dome does not have a simple geometric 
form; several centers of uplift seem to be present; two are reflected in 
the topography by the north hill and by the west hill. The drilling re- 


a. veals another on the southwest radius, and the torsion-balance data sug- 
4 gest another on the east-southeast radius. The flank of the cap is scal- 
iS loped correspondingly, convex around the centers of uplift and concave 
Ka between. The scalloping is reflected in the topography of the northwest 


e flank of the island. The west radius lies in the concavity between the 
q respective areas of the northwest and southwest centers of uplift. In the 
effect on the gradient, the excess of mass in the convexity of the area of 
these centers of uplift partly compensates for the deficiency of mass in 
the intervening concavity. The calculations, therefore, predict too 


4 much cap rock in the area of the concavity. Conversely, the calculations 
| j predict too little cap rock for a line of profile down a convex zone. ’ 
CONCLUSION 


The Belle Isle torsion-balance survey affords an example of an 
average successful application of the torsion-balance method to the 
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quantitative problem of the determination of the dimensions of the 
upper part of a shallow salt dome. The quantitative predictions were 
in error by 27-40 per cent, but, qualitatively, the work undertaken was 
accomplished completely by the balance. In other surveys with the 
torsion balance, equally good and better results have been obtained. Ina 
survey to determine whether or not at Bryan Heights cap rock might 
be present on the flanks, the predicted depths proved to be in error by 
+200-300 feet at depths of 1,500 feet; however, in our report, we had 
estimated the probable accuracy of our predictions at approximately 40 
per cent, but, rather to our surprise, the subsequent drilling proved the 
accuracy of the predictions to be nearly 60 per cent and cap-rock masses 
which we somewhat hesitatingly predicted proved actually to be present. 
In the Hoskins Mound survey, the errors in the predicted depth at four 
points were proved to be respectively 7, 5, 2, and 0.7 per cent (9). 

The accuracy of quantitative calculations of this type decreases 
with the depth to the top of the anomalies, provided that the density 
situation remains constant. Geologically, the density may change with 
depth, and through the complication of the density situation, the accu- 
racy of quantitative calculations through a certain vertical zone may 
increase with depth. The cap rock at all depths in the Gulf Coast is 
heavier than the surrounding sediments, but, compared with the salt, 
the sediments are slightly lighter or of almost the same density at the 
surface and become progressively denser with depth and at great depth 
are heavier than the salt. At certain depths, therefore, there is a neutral 
zone in which the salt can not be detected by gravitational measurements. 
Below those depths the presence of the salt can be detected by gravita- 
tional measurements and the accuracy of quantitative calculations in 
regard to dimensions of the salt through a certain vertical zone increases 
with depth, although on account of the law of decrease of accuracy with 
depth, the absolute accuracy may be very low. Practically, the dimen- 
sions of the cap rock can be calculated with fair accuracy for depths less 
than 3,000 feet and for any domes in the Gulf Coast area; but, on account 
of the enormously greater thickness of light sediments near the coast 
and their low specific gravity, predictions in regard to the dimensions of 
the salt of the domes near the coast are nearly valueless. Surveys across 
the inland domes of the coastal group suggest that calculated predictions 
in regard to the salt may be of some use. 
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SOME RESULTS OF MAGNETOMETER SURVEYS 
IN CALIFORNIA‘ 


EDWARD D. LYNTON? 
Los Angeles, California 


ABSTRACT 


The writer describes magnetic conditions associated with some typical structural 
features in California,—an anticline, a syncline, an outstanding magnetic feature in 
the San Joaquin Valley, a buried fault near Mount Diablo, a part of Ventura County, 
and Kettleman Hills. 


INTRODUCTION 


Magnetometer work was begun in California by the Standard Oil 
Company of California on January 1, 1927. Acknowledgment is here 
made to officials of the company for permission to publish, to H. N. 
Herrick of the Research and Development Department of the company 
for his assistance and criticism in the preparation of this paper, and to 
all members of the geophysical field parties in California. 

General conditions for use of magnetic geophysical methods in 
California are good, as there is marked variation in the magnetic suscep- 
tibility of the sedimentary rocks of economic interest. In the Tertiary 
rocks, the magnetic susceptibility varies from 14 X 10° in the Saugus of 
the Upper Pliocene to 4,120 < 10° in the vivianitic sandstone of the 
McKittrick group of the Pliocene. This variation is sufficient to give 
a definite magnetic contrast at several horizons. ‘Magnetic marker 
beds,” such as this vivianitic sandstone, beds of volcanic tuff and inter- 
bedded basaltic flows, extending thoughout considerable areas, have been 
found, which are sufficiently thick and magnetic to cause anomalies of 
several hundred gammas at surface exposures and recognizable indica- 
tions under deep cover. 

The Cretaceous rocks, especially the Knoxville, on the average, are 
somewhat more uniformly and strongly magnetic than the Tertiary. 
The Jurassic (Franciscan) is much more magnetic than either the Ter- 

*Read before the Association at the San Antonio meeting, March 21, 1931. Man- 


uscript received, February 19, 1931. Published by permission of the Standard Oil 
Company of California. 


2Petroleum geologist, Standard Oil Company of California. 
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tiary or Cretaceous and contains irregular masses of basic volcanic rocks, 
in many places altered to serpentine, which have a magnetic susceptibility 
as great as 7,000 X 10°, so large as to obscure results on younger beds 
in the vicinity. 

Of the pre-Jurassic rocks in California, the granites, both of the 
Sierra Nevada and the Coast Ranges, generally have a susceptibility 
less than 200 x 10°, but in many places they contain large bodies of darker 
rock of gabbroid appearance that are intensely magnetic—sufticiently so 
that a small hand specimen deflects a compass needle. Many of the 
metamorphic rocks of the Sierra Nevadas also are extremely and irreg- 
ularly magnetic. This must be kept constantly in mind in attempting 
magnetometer work in the San Joaquin Valley, particularly. 

The chief practical application of magnetic methods in California 
has been in tracing known structural features, such as faults and “ mag- 
netic marker beds” which present eroded edges on the flanks of folds, 
from places where they can be seen into regions covered by alluvium. 
It is not safe in the present stage of the art to attempt to interpret mag- 
netic data without some support either from surface geology or from well 
logs. It is necessary always to keep in mind that the observed results 
are affected by all the material beneath, so that many anomalies caused by 
the formations of principal interest are obscured by unrelated conditions 
below them in rocks of greater magnetic permeability. For example, 
it would be very poor engineering to attempt to interpret in terms of 
structure either a magnetic or a gravity survey of an area known to be 
underlain by Franciscan rocks at a depth of less than 5,000 feet, because 
very magnetic and dense bodies of basic igneous rock are probably dis- 
tributed irregularly within. 

Most work consists of measurements and mapping of the vertical 
component of the earth’s magnetic field. For recognizing faults not 
known by surface evidence, and for other special problems, measurements 
of horizontal intensity also are required, but are made only where the 
vertical data indicate that they are necessary for use in interpretation. 
Ordinary common sense should be used in laying out magnetic surveys, so 
that time will not be wasted in attempting to solve problems to which 
the method is unsuited. For most useful results, the following conditions 
must exist. ‘ 

1. The rocks of economic interest in the problem must have mag- 
netic contrast, that is, must contain some beds known to be markedly 
more or less magnetic than the average. 
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2. The feature sought must have broken or deformed the strata 
so as to have caused a considerable difference in elevation of some bed 
of marked magnetic characteristics within the limits of the survey. As 
an illustration, it is a waste of time to try to trace magnetically a fault 
of small vertical displacement in the Kern River formation, which has 
little magnetic contrast. ; 

Field parties—Our practice in California is to have a party consist- 
ing of two geologists, one car, and two vertical magnetometers. This is 
found more economical because two readings with different instruments 
can be taken at the same time within a short distance of each other and 
their values averaged if within a few gammas. This method establishes 
the value of the point without further checking, and informs the oper- 
ator immediately if either balance is out of adjustment. 


INTERPRETATION 


Presentation of results.—In order to interpret the results of a magnetic 
survey, it is necessary to show the values determined by the work in their 
true relation to topographic and known geological features on a map of 
the area surveyed. We have used the following methods. 

1. Peg model of vertical intensities. If enough points have been 
occupied, the tops of the pegs show a magnetic surface from which much 
can be inferred about the course of faults, magnetic marker beds, and 
other structural features (Fig. 1). A model of this type is inconvenient 
to make, transport, or file, and can be shown in the report only by pho- 
tographing it. 

2. Celluloid profile model of vertical intensity. This is made by 
placing a large sheet of celluloid over a map and cementing to the celluloid 
cover profiles cut from the same material representing the vertical in- 
tensities to scale above each station. 

This type of model is more useful than the foregoing because the 
celluloid is transparent and does not obstruct a view of the map as the 
pegs do. It is serviceable as a guide in preparing magnetic contour maps 
because the magnetic surface can be seen without use of the imagination. 
It has the disadvantages that it can not be easily transported and can 
be included in reports only by photographing it (Fig. 4). 

3. Magnetic contour maps. In this method of presentation, con- 
tour lines are drawn connecting points of equal vertical intensity exactly 
as contour maps of topography are made. Contour maps are easily 
made and do not greatly detract from the original map on which the con- 
tours are drawn. The contours show all the major features and a great 
many of the smaller features. 
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This is probably the best method of showing actual results, and is 
undoubtedly the best when it is desirable to show the regional trend of 
folding. During the last few years all the results of our work have been 
reported in the form of contour maps, as they can be readily extended 
from area to area throughout large expanses of country and placed on a 
regional map with some very interesting results. 


RESULTS OF MAGNETOMETER SURVEYS IN CALIFORNIA 


It would be impossible to publish the results of all the magnetometer 
surveys we have made in California during the last four years; therefore, 
only a few of them are offered here. They are chosen because the results 
are type pictures of known geological conditions, such as the Raven Pass 
anticline and the White Creek syncline, and the others submitted show 
the interpretation of magnetometer surveys as carried from known geo- 
logical features to the unknown. 

The following work on known structures was done to test the ver- 
tical and horizontal magnetometers so as to use the resulting data in 
interpreting future results in areas covered by alluvial deposits. 


RAVEN PASS ANTICLINE 


This anticline trends almost N. 45° W. for a considerable distance, 
but the location chosen for the magnetometer survey was at the junction 
of Sections 29, 30, and 31, T. 26 S., R. 18 E. (Fig. 2). 

The oldest beds exposed along the axis are the Cretaceous, with the 
younger Vaqueros and Monterey shale resting unconformably on both 
flanks. The anticline is apparently symmetrical, the dips ranging from 
40° to 50° on both flanks. From surface observations there does not 
seem to be any faulting in the Cretaceous. As previously mentioned, the 
Cretaceous is strongly magnetic and the Miocene shales weakly mag- 
netic. Therefore, an anticline in these contrasting formations should 
give a type picture of the behavior of the vertical intensities and the 
vectors of disturbance. 

Results—Both the vertical intensities and the magnetic vectors of 
disturbance were plotted. The vertical intensity curve rose from an 
intensity of 15 gammas over the Monterey shale on the extreme north- 
east end of the line to 110 gammas at the axis. From the axis south- 
westward, the intensity curve fell to 50 gammas over the Monterey 
shale. A short distance southwest of the axis, the vertical intensity 
curve gave a sharp “kick” to a maximum of 125 gammas, which strongly 
suggested a small fault. As stated before, no fault could be traced on 
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the surface because of the loose soil covering the surface. An erratic dip 
of 40° N. in the south flank lends support to this small fault. 

All the vectors of disturbance, when plotted at each station, point 
toward the axis of the fold, the angle of each vector with the horizontal 
becoming steeper as the axis is reached until, at the axis, the vectors are 
almost perpendicular. 

WHITE CREEK SYNCLINE 

This syncline, 20 miles northwest of Coalinga, trends N. 60° W. for 
a considerable distance, but the locality chosen for the magnetometer 
line was in the SE. 14, Sec. 23, T. 19 S., R. 13 E. (Fig. 3). 

The Cretaceous beds are folded into an asymmetrical syncline with 
the north flank dipping 65° and the south 45°. Folded in the trough 
of these older beds and overlapping them is the Etchegoin. The 
axis of the syncline in the Etchegoin can be determined on the ground 
because of the outcropping on both sides of the axis of the characteris- 
tic Glycimeris bed. The Etchegoin is moderately magnetic and the 
Cretaceous is strongly magnetic. 

Results —The plotting of the vertical intensities and the magnetic 
vectors of disturbance showed a condition the reverse of those plotted 
from the Raven Pass anticline. The vertical intensities, plotted in gam- 
mas, showed a curve with its lowest point at the axis of the syncline where 
the Etchegoin would be at its thickest over the magnetic Cretaceous. 
The highest points in the curve naturally occurred at the end of the 
line directly above the Cretaceous. 

The vectors of disturbance point vertically down at the axis; and 
outward from this point toward the more magnetic Cretaceous beds. 


WALNUT CREEK FAULT (FIG. 4) 


The Walnut Creek area comprises an alluvial valley bounded on the 
west by Martinez Ridge, and on the south by Shell Ridge, both of 
which expose Tertiary rocks. The structural features consist of two 
major faults traversing the valley, approximately at right angles to each 
other, and several minor faults. On the northeast side Cretaceous rocks 
are exposed and the valley is surrounded on the other two sides by the 
Eocene rocks. This is an ideal condition, as the Cretaceous in Walnut 
Creek is very magnetic, the Eocene is weakly magnetic, and these for- 
mations are cut by several faults. 

The work was begun by running lines with the magnetometer across 
the supposed location of a major fault, marked on the map as the Mar- 
tinez-Shell Ridge fault. The position on this is established by surface 
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evidence on both sides of the valley, but it is concealed by a deep cover of 
alluvium for several miles in the location chosen for an accurate deter- 
mination of the trace of this fault. The procedure was to run lines at 
intervals of 14 mile across the approximate location of the fault. The 
average length of the lines is approximately 1 mile. Magnetometer 
readings were recorded at each 200 feet. The course of the lines was N. 
27° E., approximately at right angles to the strike of the fault. 

As the work continued, it became increasingly evident that the 
Cretaceous area northeast of the fault showed much stronger vertical 
intensity than the Eocene on the southwest. Celluloid profiles showing 
vertical intensity plotted to scale were affixed to the map along the lines 
of survey, and the surface, outlined by the edges of these profiles, indicated 
a sort of magnetic plateau over the supposed Cretaceous area. As the 
valley floor is concealed beneath alluvium, a short line was run across 
the point of Lime Ridge where there are outcrops of rocks known to be 
Cretaceous, and high vertical magnetic intensities were found corres- 
ponding with those in the doubtful region. A sharp depression in the 
magnetic profiles near the assumed position of the fault was followed 
to the hills and proved to occur at the known location of the fault. This 
sharp depression in the magnetic profile has therefore been assumed to 
indicate the trace of the fault throughout the part covered by alluvium. 
The shape of the curve at this point is characteristically the same on all 
the profiles. On the basis of this indication the writer has drawn in the 
fault line, which in general lies close to that originally assumed, but has 
two offsets on the north which may have resulted from cross faults sup- 
posed to exist at this location, provided the assumptions here followed 
are correct. 

Several of the survey lines have crossed small faults, with much 
smaller indications. Seemingly there is no property of a fault as such 
that affects the magnetic instruments, and a fault will probably be in- 
dicated by them only where rocks of different magnetic properties have 
been brought opposite each other, or where a magnetic bed has been 
offset horizontally in crossing the fault. 

Magnetic marker beds.—An inspection of the magnetic profiles shows 
high points at intervals, which are found to be in definite lines. It is 
natural to assume that these lie over buried outcrops of beds of stronger 
magnetic properties than those of adjacent rocks. In order to verify 
this conclusion some lines were run with observations at short intervals 
across exposed beds in line with these series of high points on the pro- 
files. It was found that some beds show very high values, which dis- 
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tinguish them strikingly from the rest of the formation. Two such 
beds were observed in the Cretaceous, of which the course is indicated 
by lines connecting high points in the profiles (Fig. 4), and one such bed 
was found in the Briones. As some of the magnetic anomalies by which 
these beds differ from the associated rocks amount to as much as 300 
gammas, nearly one hundred times the least reading possible with the 
instruments, they are very conspicuous markers, easily recognizable with 
the magnetometers. The effect of these magnetic beds is very large and 
sharply marked where they crop out, and becomes progressively less 
intense and more widely distributed as the depth of cover increases. Their 
effect is clearly evident under the deepest cover existing in the Walnut 
Creek Valley. This depth is not known, but, as indicated by water-well 
evidence, is probably more than 150 feet. 


POSO CREEK, SAN JOAQUIN VALLEY, CALIFORNIA (FIG. 5) 


In the vicinity of Poso Creek, the magnetometer outlined an out- 
standing magnetic “high” indicating that a strongly magnetic mass, 
such as gabbro, has been uplifted close to the surface. Confirmation 
of this fact is supported by the drilling of a well on the flank of this mag- 
netic “high’’ which entered plutonic rocks at 2,700 feet. The uplifting 
of this gabbroid mass caused a fault on its north side. Figure 5 shows 
that in working with such large bodies of magnetic material the effect 
of the deeper rock can be corrected out. This picture presents the small 
anomaly, caused by a fault, separated from a large regional variation, 
caused by a very magnetic large mass in the underlying basement com- 
plex. 

VENTURA COUNTY 

The survey shown on Figure 6 comprises an area of about 35 square 
miles south and east of Oxnard, California. It is a relatively sandy flat 
basin flanked on the northeast by the Camarillo Hills and by Round 
Mountain, an isolated igneous hill in the southeastern part. 

There is no doubt that the volcanic rocks are the chief causes 
of magnetic disturbances in this area. The effect of concentrations of 
magnetic minerals in terrace material is small and local—in few places 
more than 20 gammas—and does not mask the major disturbances. 

Results of the survey are shown on Figure 6, which gives contours 
of vertical intensity at 10-gamma intervals. As volcanic rocks are ex- 
posed on the southeast rim of the basin, and not at the north, the large 
disturbances in this part of the Ventura basin are probably the result of 
underlying bodies of volcanic rock. This interpretation was later sup- 
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ported by the results of the drilling of The Texas Company’s Eastwood 
No. 1, 3 miles east of the town of Hueneme, which entered basalt at 
1,915 feet. As this assumption was proved correct, it follows that the 
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limits of the volcanic rocks are indicated by the edge of the area of great 
magnetic intensity as outlined on the map. The magnetic susceptibility 
of the basalt from the well was determined to be as great as 677 X 10°. 


KETTLEMAN HILLS, CALIFORNIA 


The Kettleman Hills structure is divided into three separate folds, 
known as the North, Middle, and South domes. The Lost Hills field 
is a continuation of the South dome structure and is intimately related 
to the Kettleman Hills structure. Magnetometer surveys have been 
made on all the structures. The North and Middle dome surveys are 
treated separately from the South dome-Lost Hills structure. 


NORTH AND MIDDLE DOME 


On the North dome the average dip is 35°-40° on the southwest 
flank and 25°-30° on the northeast. Thus the axial plane probably dips 
toward the northeast slightly. The beds of the Middle dome dip ap- 
proximately 30° on both flanks. The trend of the two domes is about 
N. 40° W. and they lie en échelon. 

There is a very intricate system of faulting, both lateral and cross, 
along the crest of the structures. Displacements range from a few feet 
to more than 100 feet in some places. This has resulted in raising or 
lowering blocks out of their original position. This minor faulting with 
its consequent disturbance of the magnetic vivianitic sandstone bed, 
together with its erosion, is largely responsible for some confusion in the 
magnetic picture. 

The Paso Robles formation crops out as an almost complete belt 
around these domes with the Etchegoin formation exposed beneath. 
The Etchegoin is exposed along the crest for 1% miles on both sides of 
the axis. The Paso Robles is composed of fresh-water beds of ill sorted 
and little consolidated sands and gravels. The Etchegoin underlying 
the Paso Robles and occupying the crest of the anticline consists of clays 
and sands with a coarse blue vivianitic sandstone as the most important 
member for the magnetic survey. 

The “magnetic marker bed”’ or series of beds of the vivianitic sand- 
stone consists of a blue sand ranging from fine to coarse. It is found so 
poorly cemented that it is possible to rub it apart with the fingers, though 
in other places it is hard and resistant. The blue color seems to be caused 
by a thin coating of hydrous-ferrous phosphate on the individual grains. 
It is very magnetic and tests made in the field prove that it is polarized. 
Tests around an outcrop of this sandstone showed readings with a range 
of 300 gammas in a distance of less than 200 feet. 
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Results of magnetic work.—The magnetic picture (Fig. 7) presented 
of the North and Middle domes of Kettleman Hills is an irregular one and 
only general relations may be interpreted from it. We have definitely 
established the fact that the vivianitic beds cropping out at the surface 
are definitely polarized and that the presence or absence of these beds 
controls the magnetic results obtained. Unfortunately, the vivianitic 
horizon does not occur along definite lines of stratification, but is dis- 
tributed in lenses and patches throughout the whole series comprising 
the top of the Etchegoin formation. It is this irregularity of the vivian- 
ite which gives such surprising and irregular results. Magnetic anomalies 
are very large and many abrupt changes of more than 300 gammas were 
obtained within a radius of a few hundred feet. Differences of readings 
of more than 100 gammas were obtained on the same outcrop, seeming 
to indicate that the concentration of magnetic material is decidedly 
lacking in uniformity and that mass also has some effect. Erosion and 
some minor faulting cause the operator in some places to be above and 
in some places to be below the beds furnishing the “kick.” 

In general, the magnetic contours trend northwest and follow 
structural contour lines. On the North dome is a series of “highs” 
along the upturned edges of the blue sandstone with alternate “highs” 
and “lows” along the axis, depending on whether patches of vivianite 
are present or not. The beds on the northeast flank of the structure 
show a well defined series of ‘‘ highs,” but the relationship is not so clear 
on the southwest flank, nor does the closure north of the Millham well 
conform to the closure as determined by the geology. There is a well de- 
fined series of “lows” along the northeast edge of the structure which 
may be indicative of fault conditions. 

The Middle dome presents a more regular picture with a series of 
“highs” along the axis. These “highs” even follow the offset or warp 
of the axis between the two domes. The greater regularity, as shown on 
the Middle dome, is caused, probably, by the more moderate relief in 
the topography and greater protective covering over the magnetic beds. 
It is also possible that the magnetic content of these beds is more uniform 
than that of those farther north. The results suggest that the magnetic 
beds are continuous across the axis here. 

From the foregoing described results the following conclusions can 
be drawn. 

1. The North and South domes of the Kettleman Hills structure 
are marked by a zone of intense magnetic disturbance, which conspic- 
uously distinguishes them from relatively featureless surroundings. 
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2. The North dome shows low intensity along its axis surrounded 
by high intensities on the flanks over eroded edges of magnetic beds. 

3. The Middle dome shows high intensity at the axis, as would be 
expected from a magnetic bed arched continuously across the structure 
and not eroded. The obvious inference is that the Middle dome is 
structurally lower than the North dome. 

4. The magnetically active horizon has been identified as the 
vivianitic sandstone of the upper Etchegoin (McKittrick group) of 
Pliocene age. 

5. It has been discovered that this sandstone is also strongly polar- 
ized along definite lines. 


SOUTH DOME-LOST HILLS STRUCTURE 


The area surveyed is a strip extending northwest-southeast from the 
northern end of the Lost Hills oil field, Kern County, to and including 
South dome of Kettleman Hills, Kings County, on the western side of the 
San Joaquin Valley, California. It ranges from 2 to 4 miles in width 
and has a length of 14 miles. 

The country covered by the survey is one of relatively small relief. 
The central part is a gently rolling, alluvium-covered plain, slightly 
sloping downward toward the northeast. At either end of the area are 
low, rolling hills rising from 50 to 200 feet above the general level of the 
country. The Lost Hills, from the west side, appear as the crest of a 
gradually rising plain, but on their eastern side they rise more abruptly 
and are more prominent features of the landscape. 

The only formations exposed are Etchegoin (Pliocene), San Joaquin 
clays and Tulare (Upper Pliocene), and alluvium. 

The folding in the Lost Hills-South dome district is a segment of 
the long, anticlinal fold, extending northwest-southeast for 60 miles. 
Folding along this line has also caused the North and Middle domes of 
Kettleman Hills and the Coalinga anticline. Recurrent movements 
along the line have occurred since its probable beginning, at the end of 
Cretaceous time. Gentle folding was repeated at the end of the Eocene. 
More intense folding recurred at the close of Miocene and Pliocene time. 

Surface evidence of the structure is incomplete, because of the 
mantle of alluvium in the central part of the area. The topographic 
“high” and surface exposures show the anticlinal origin of the Lost 
Hills. The trend of the Mulinea bed, at the top of the Etchegoin, and 
the dips obtainable at the South dome, disclose the northwestward 
plunge at that point. 
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Results of magnetometer survey—The survey shows a magnetic 
“low” extending from the Lost Hills to the South dome. A very marked 
“high” is east of the “low”’ and extends parallel with it. On the western 
side of the area, the magnetic “high” is not so great in the south, but 
northwestward the intensity increases and the changes from “highs”’ to 
“lows” become much sharper and more pronounced. This is because 
the sandstone beds in the Upper Etchegoin cause the magnetic “highs,” 
and in the south the mantle of alluvium is probably thicker, causing a 
greater masking effect on the magnetic beds. At the South dome the 
parallel “highs,” on either side of the area, swing around and close, con- 
forming to the trend of the Mulinea bed. 

At the South dome the magnetometer results are substantially the 
same as those shown by surface and subsurface geology. The trend of 
the magnetic anomalies conforms with the strike of the beds, and the 
manner in which the “high”’ closes on the north is especially convincing. 
The alternating long, narrow “highs” and “lows,”’ in the northwest, 
are undoubtedly caused by interbedded sandstones and sandy shales 
and clays. The magnetic “highs” are on sandstone beds. 

The structural axis at the South dome follows a line of magnetic 
“lows.” The “lows” fall midway between magnetic “highs” caused 
by magnetic sandstone beds near the Etchegoin-San Joaquin clays con- 
tact. Erosion has removed these magnetic beds from along the axis of 
the anticline, leaving their truncated edges on the flanks of the structure, 
with less magnetic beds in the center. This explains the relationship of 
the anomalies to the structure in this area. 

By analogy with conditions existing at the South dome, the axis of 
the structure can be located southward, connecting with the Lost Hills 
field. Immediately north of the Lost Hills oil field, the magnetic “low” 
swings sharply westward and turns northwest to the South dome. As 
the magnetic anomalies are similar to those at the South dome, the axis 
of the anticline probably follows the magnetic “low.”’ 

From the foregoing evidence the following conclusions can be drawn. 

1. It is possible to show the location of the axis of the Lost Hills- 
South dome anticline. 

2. The structure is continuous from the Lost Hills to the South 
dome. 

3. The position of the axis, according to the magnetometer, corres- 
ponds fairly well with the geologic axis, excepting north of the Lost Hills, 
where it deviates and causes an offset in the trend of the axis. 
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4. A pronounced feature of the survey is that the trend of the mag- 
netic anomalies conforms with the strike of the beds in the South dome, 
and the manner in which the “high” closes on the north is most con- 
vincing. 

5. The buried outcrop of an eroded magnetic bed can be traced 
completely around the South dome, including the Lost Hills field. 

6. The survey shows a magnetic “low” extending from the Lost 
Hills to the South dome, with a marked “high” east of the “low” and 
paralleling it. 

7. The magnetic anomalies at the South dome have a higher in- 
tensity than the rest of the area, because the sandstone beds in the Upper 
Etchegoin cause the magnetic “highs,” and at the south the mantle of 
alluvium is thicker and the Etchegoin thins out, thus decreasing the 
intensity. 
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MAGNETIC DISTURBANCE CAUSED BY BURIED CASING" 


WILLIAM M. BARRET? 
Shreveport, Louisiana 


ABSTRACT 


A vertical string of casing becomes magnetized by induction under the influence 
of the terrestrial magnetic field. For theoretical investigation we may treat such a 
casing as a bar magnet having an exaggerated ratio of length to diameter. Formulae 
are derived, based on the fundamental law of Coulomb, to express the anomalous 
components of the magnetic elements in different horizontal planes and at different 
radial distances from the casing head. Curves representing these equations are shown. 
Graphical illustrations of the composition of these anomalous components and the 
normal components of the earth’s magnetizing field are included, together with typical 
experimental data obtained in the field. 


INTRODUCTION 


In the investigation of magnetic phenomena directly associated 
with oil- and gas-producing fields, as well as in attempting to map geo- 
logic structure along the boundaries of such areas, the magnetic dis- 
tortion traceable to buried casing becomes of vital importance to the 
geophysicist. 

As many of the empirical data that furnish valuable criteria for 
interpretative analysis must necessarily be obtained in regions where 
subsurface features have been disclosed by existing wells, it seems that 
a thorough understanding of the disturbing effect of this metal is essen- 
tial to a proper appreciation of the experimental results. 

In this paper it is intended to present briefly the theoretical aspects 
of the problem and to include such field observations as are considered 
representative of the cases thus far investigated. 

The writer wishes to acknowledge his indebtedness to Randolph 
H. Mayer for his valuable assistance during the preparation of this 
paper, and to express his appreciation to John S. Ivy for the data fur- 
nished regarding the location and completion dates of wells in the Sligo 
field. 


*Read before the Association at the San Antonio meeting, March 21, 1931. Man- 
uscript received, February 1, 1931. 


2Geophysicist, William M. Barret, Inc., Giddens-Lane Building. Introduced by 
D. M. Collingwood. 


1371 


49 
+ 
5 
| 


° 
8 
-m 
! 
| 
+m 
if t 
h 
Y 


Fic 1.—Vector representation of the anomalous magnetic field at point P, caused by vertical 
string of magnetized casing gh. 
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THEORETICAL CONSIDERATIONS 


The magnitude and direction of the resultant magnetic field near 
the casing head of a vertical string of pipe depends on the physical com- 
position and proportions of the metal, the mechanical and thermal stresses 
involved, the perpendicularity of its vertical axis, the intensity and di- 
rection of the earth’s magnetizing field, and the physical and magnetic 
characteristics of the subsurface media. 

Referring to Figure 1, let us consider the vertical string of casing gh, 
having its major axis lying in YY’. It is evident that by induction the 
terrestrial magnetic field will establish a negative pole near the upper 
end of the casing and a positive pole near its lower end. Assuming the 
surrounding media to have unit permeability, and denoting the positive 
and negative pole strengths by +m and —m c. g. s. units respectively, 
we have 


(a3 — di) kZ 
= AkZ (1) 


where d, is the external diameter of the casing in centimeters; 

d, is the internal diameter of the casing in centimeters; 

A is the cross-sectional area of the casing in square centimeters; 

kis the susceptibility of the casing material; 

Z isthe vertical component of the earth’s magnetic field in gauss. 

For our purposes we may regard the casing as a bar magnet having 

the length Z centimeters and distance between poles / centimeters. The 
magnetic moment in c. g. s. units will be given by 


M = ml (2) 


Let us consider the strength and direction of the anomalous field 
at the point P, lying in OX, caused by the vertical string of magnetized 
casing gh. The resultant force Ps at the point P will be determined in 
magnitude and direction by the vectors Pr and Pn, the former repre- 
senting the attractive reaction on a unit positive pole placed at P, caused 
by —m, and the latter representing the repulsive reaction of the pole, 
+m. The solution of the problem is simplified by solving for the vertical 
and horizontal components dZ and dH, after which the resultant force 
dR and the angle of inclination df may be readily determined. 
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As the triangles Pcn and fOP are similar, we may write 


or 


Substituting the value of Pn and reducing, we have 


Similarly, it is seen that 


Combining expressions (3) and (4) we find the vertical component 


of th 


In like manner it may be shown that the horizontal component of 
the anomalous field at the point P is 
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Denoting the permeability of the media surrounding the casing by 
e have by Coulomb’s law 


Pe = = —— 
BfP + 2) 
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Also, the resultant may be found from (5) and (6), thus 


dR = Ps = + cary | 


m 
(a2 + x2) + 


(a? + x7)? + (b? + x7)? 


: (7) 
2 (ab + x) (a2 + x2)! (b2 + x2)! 


The foregoing equations give values for the vertical, horizontal, and 
resultant forces of the anomalous field in gauss when the distances are 
expressed in centimeters and the pole strengths in c. g. s. units. 

The angle between the resultant dR and the OX— axis is termed 
the inclination, or dip, and may be found as follows: 


dZ b (a2 + x2)? — a (b? + x)? 
dH x + x7)? — (b? + x)? | 


(8) 


In Figure 2 are shown curves representing equations (5) to (8) in- 
clusive. These data were prepared from an investigation of a 206-foot 
vertical string of ro-inch casing, having its upper end level with the 
earth surface. The pole strength of the casing was determined experi- 
mentally by measuring the vertical intensity anomaly directly above 
the pipe and solving for m in equation (5), it being assumed that / = 
0.833 L, and that the media surrounding the casing were of unit permea- 
bility. At a point 102.4 centimeters above the upper - of the pipe 
the anomaly was found to be 32,402 gammas.' 

An examination of these curves reveals certain interesting charac- 
teristics. It is seen that the dZ and dR curves reach their maximum 
positive values directly over the casing, at which point they are numer- 
ically equal, because for this position the dH component is zero. At a 
radial distance of approximately 100 feet from the axis of the casing, dZ 
becomes zero and at 157 feet attains its maximum negative value of 
— 102 gammas; at 260 feet the effect is reduced to —78 gammas. Ata 
distance of 17 feet from the casing the dH component reaches its max- 
imum amplitude of 12,500 gammas and at 75 feet appears equal to dR, 
because of the scale chosen. When the distance is increased to 260 feet 
the dH and dR values are 75 gammas and 108 gammas, respectively. 


'r gamma = 10°5 gauss. 
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Directly over the casing the dip is go°, indicating that the resultant 
vector is vertically downward and as the distance increases the dR vector 
rotates in a clockwise direction, becomes horizontal when d@ is 180°, 
and has moved 46° into the second quadrant of the rectangular codrdinate 
system at a radial distance of 260 feet. The magnetic declination, which 
may be defined as the angle between the astromonic meridian and the 
magnetic meridian, will clearly depend on the azimuth selected for the 
profile, although the shape of the other curves will be the same regardless 
of the azimuth chosen. 

The composition of these anomalous components with the normal 
terrestrial components determines the absolute values of the magnetic 
elements in the region surrounding the casing head. Let us next con- 
sider these resultant effects, which are graphically illustrated for a 
magnetic north-south traverse in Figure 3. The Z component at any 
point, as would be anticipated, represents the algebraic sum of the anom- 
alous vertical intensity and the normal vertical intensity which would 
exist but for the presence of the magnetized casing. The normal vertical 
field strength, determined before the casing was set, was found to be 
49,552 gammas and the maximum departure from this normal value 
occurs directly over the casing, where it becomes 81,954 gammas. The 
normal value of the resultant R was 55,489 gammas and its peak inten- 
sity of 87,891 gammas is coincident with the Z curve. The north and 
south parts of the R, H, and ¢ profiles are not symmetrical with respect 
to the casing axis, because these curves are determined by the vector 
composition of the anomalous and normal components. The maximum 
departures of the horizontal element, from the normal value of 24,974 
gammas, occur in the immediate vicinity of the casing head, where the 
H curve indicates a variation of 25,000 gammas from a point 13 feet 
south to a position 15 feet north of the pipe. As for each azimuth the 
dH component is directed toward the casing, it is understood that the 
numerically lower values of H/, for the north part of this profile, represent 
a subtractive effect, but south, the components are additive. Points 
of maximum and minimum for the angle of dip, which has a normal value 
of 63° 15’, occur adjacent to the casing, the relatively larger angles of 
inclination for the north part of the ¢ profile being traceable to the de- 
crease in horizontal intensity. The different curves indicate that the 
magnetic elements have returned to substantially normal values at 260 
feet in either direction from the casing. The declination profile is not 
shown because this element is subject to no variation, other than the 
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constant areal value of 7° 50’ east, along the magnetic north-south 
azimuth. 

Figure 4 shows the composition of the anomalous and normal com- 
ponents for a magnetic east-west traverse. The symmetry of the Z, R, 
H, and ¢ curves, as well as the relatively minor disturbance of the hori- 
zontal component and the dip, are apparent. The declination curve 
indicates a variation of 52° 30’ from a point 15 feet west of the casing to 
a corresponding position east. 


EXPERIMENTAL RESULTS 


To check the validity of the derived equations it was decided to take 
a series of actual observations along a magnetic north-south profile 
across the 206-foot string of casing represented by the foregoing theoret- 
ical curves. Vertical intensity measurements were chosen for the field 
investigations for the reason that, in the light of applied geomagnetics, 
this component assumes major importance. Further, it was felt that a 
comprehensive study of this single element would serve to test the au- 
thenticity of the various formulae in view of the mathematical relation 
between the several components. We therefore confine our comparison 
of the theoretical and experimental data to the vertical element. 

For these measurements a Schmidt vertical field balance was used, 
the magnetic system being maintained at a constant elevation of 102.4 
centimeters above a horizontal plane, through the upper end of the casing, 
to conform with the distance Og of Figure 1. The results for the north 
and south parts of the traverse agreed within the instrumental order of 
accuracy, mean values for the various positions being shown in Table I. 


TABLE I 

Distance DZ in 
in Feet Gammas 

° +32,402 

3.2 +19,470 

6.6 + 6,731 
12.0 + 1,988 
22.0 + 434 
32.1 + 158 
46.0 39 
56.0 _ 6 
81.0 ‘ - 39 
118.5 20 
147.0 14 


260.0 ° 
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A graphical representation of these data is illustrated by the heavy 
curves of Figure 5, an enlarged scale for the lower values of DZ being 
included for the purpose of disclosing the negative part of the curve. 
For these profiles the line of zero anomaly indicates the normal vertical 
intensity for the area, and it is seen that the DZ curve intersects this 
reference line at 54 feet, returning to normal value at approximately 200 
feet. It is evident, from an inspection of equation (5), that a change in 
the elevation of the magnetic system of the variometer, with respect to 
the casing, would result in a variation of the vertical intensity anomaly. 
This was verified for the position 32.1 feet north of the casing head, where 
it was found that a change in elevation of 44 centimeters caused DZ to 
increase 34 gammas, the higher intensity corresponding with the lower 
elevation. 

Let us now proceed to examine the disturbance of the vertical field 
produced by a 4,609-foot string of casing, consisting of 600 feet of 10-inch, 
3,206 feet of 6°s-inch, and 1,609 feet of 434-inch, the 6°%s-inch extending 
from the upper end of the surface casing and overlapping the 434-inch 
by 206 feet. The upper end of the casing projected 4.5 feet above the 
ground and was provided with a cap. As before, a magnetic north-south 
traverse was chosen and measurements of the vertical anomaly recorded 
at selected positions, the magnetic system of the balance being kept at 
an elevation of approximately 57 centimeters below a plane through the 
upper end of the pipe. These observations were made in a region where 
the normal vertical field strength was 50,065 gammas, the mean depar- 
tures from this normal value, because of the presence of the casing, being 
indicated in Table IT. 


TABLE IT 
Distance DZ in 
in Feet Gammas 
° 
5 +35,242 
10 + 10,674 
15 + 5,512 
20 + 2,990 
30 + 1,219 
50 + 300 
100 
150 + II 
200 ° 
250 ° 


1,000 ° 
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It will be observed that no reading was obtained for the position 
directly above the casing. This was because of the fact that instrumental 
equipment was not available for measuring anomalies of this order. 
These data, with the exception of the last reading, are represented by 
the heavy curve of Figure 6, which illustrates the rapid rise of the mag- 
netic gradient in the immediate vicinity of the casing and the disappear- 
ance of the disturbance at 200 feet. Two significant facts bear particular 
emphasis at this point: (1) the magnetic distortion caused by this string 
of casing, which is more than 22 times the length of the previously men- 
tioned short pipe, disappears at very nearly the same radial distance; 
(2) there is no indication of a zone of negative anomalies as observed in 
the former case. 


COMPARISON OF THEORETICAL AND OBSERVED DATA 


For our theoretical treatment of the disturbing effect of magnetized 
casing we have based our discussion upon these fundamental conceptions: 
(1) the vertical string of casing may be regarded as a bar magnet having 
two definite magnetic poles; (2) the symmetry of the normal earth’s 
field suffers no distortion by virtue of the presence of the magnetized 
pipe; (3) the direction and magnitude of the composite magnetic field 
near the casing head is determined by the vector composition of the sec- 
ondary induced field and the normal terrestrial field. Though the 
validity of the last condition may be readily demonstrated, the two pre- 
ceding assumptions justify further elaboration. 

According to Jeans,' ‘‘The two ends of a magnet—or, more strictly, 
the two regions in which the magnetic properties are concentrated—are 
spoken of as the poles of the magnet.’’ Many investigators have devoted 
an imposing amount of theoretical discussion and research to the study 
of the distribution of magnetism in bar magnets of different dimensions, 
and it has been determined that under some conditions a regularly 
magnetized bar may be treated as having two definite points, one near 
each end, at which the positive and negative effects may be considered 
concentrated. However, in any case involving the assumption of 
magnetic distribution for the purpose of accurately interpreting the action 
of a magnet at an external point, it is required, as pointed out by Gray,? 
that the point be removed a distance which is great in comparison with 
any dimension of the magnet. 


"J. H. Jeans, The Mathematical Theory of Electricity and Magnetism (Macmillan, 
New York), p. 364. 


2A. Gray, Absolute Measurements in Electricity and Magnetism (Macmillan, New 
York), p. 86. 
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As a first approximation, for the mathematical solution of the mag- 
netic phenomena associated with the short string of casing, it was decided 
to regard the positive and negative effects as concentrated at the points 
f,e (Fig. 1), and to assume the ratio' of //L to be 0.833. By reference to 
Figure 5, it is seen that the essential characteristics of the calculated and 
experimental curves are in fair conformity, equal peak values being 
chosen for the purpose of computing the pole strength. The divergence 
toward the base of the curves may be largely ascribed to our assumptions 
regarding the distribution of magnetism within the casing, subsequent 
investigation leading to the opinion that more consistent results could be 
obtained if the poles were considered located at the extremities of the 
pipe. 

For the purpose of demonstrating the agreement between the theo- 
retical and observed values when/ = L, we place dZ = o in equation (5) 
and find that the calculated curve crosses the zero reference line when 


Jeb —ai 
(9) 


Also, by differentiating (5) we find dZ has a maximum value at x = 0, 
and a minimum when 


2b} — ab & 
(10) 
at — Bb 


Substituting numerical quantities we find that dZ has a maximum 
value of 32,402 gammas directly over the casing, and becomes zero when 
x = 54 feet. The minimum value of —5 gammas occurs at a distance 
of 101 feet from the pipe and at 200 feet the effect is —3 gammas. These 
data are in excellent conformity with the observed quantities, with the 
exception of the numerical value of the negative inflection point. 

So far, our comparison has been restricted to a short length of pipe 
in order to eliminate, as far as possible, the many uncertain factors asso- 
ciated with a relatively long string of casing. For this latter case, 
the relation between the calculated and the observed curves is illustrated 
in Figure 6, the required constants for the theoretical profile being found 
by solving simultaneously equation (5) for mean values of m and /, the 
corresponding anomalies and distances being obtained from the field 
data. The assumption was made that we may ignore the effect of the 


'This ratio is customarily supposed to lie between 0.80 and 0.875 for the ordinary 
type of bar magnet. 
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positive magnetic pole because of its remote depth. It is seen that the 
lower parts of the curves are in good agreement, negative anomalies being 
absent in each case, and that the calculated value is decidedly too small 
for the position directly above the casing. The failure to observe negative 
values in the field supports the supposition that the effect of the lower 
pole may be disregarded, though it is well to mention that this same 
effect would be noticed had the casing extended a sufficient distance above 
the ground to establish the upper pole at a position above the magnetic 
system of the variometer. For points near the casing head the discrep- 
ancy between the curves is exaggerated because of the tremendous ratio 
of L to x. 

It has been repeatedly argued that the pronounced magnetic “highs” 
associated with certain producing fields may be largely attributed to 
magnetized casing. As we have seen that theory and experiment are in 
complete accord regarding the highly localized nature of the disturbance 
traceable to this cause, we are naturally led to a consideration of the 
possible areal distortion of the magnetic elements in conjunction with 
producing fields. This, in fact, brings to the attention the third assump- 
tion upon which the theoretical treatment has been based, that is, the 
symmetry of the normal earth’s field suffers no distortion by virtue of 
the presence of the magnetized pipe. While this interpretation is support- 
ed by its general acceptance for mathematical analysis,’ the most 
conclusive evidence is that results derived in this manner may be verified 
by precise experiments. Only observational data regarding the possible 
areal effect will be considered here. ie 

In December, 1928, at the writer’s direction, a vertical intensity 
survey was made of the Sligo field, located in T. 17 N., R. 12 W., Bossier 
Parish, Louisiana. At that time there were 17 producing wells in the 
field, this number being increased to 45 by January, 1931, when a second 
series of measurements were made at the same group of stations. It is 
felt that this field offered exceptional opportunities for determining the 
possibility of an areal disturbance for the reason that only minor mag- 
netic reflections of the subsurface relief were obtained; hence any extran- 
eous influence would be easily recognized. The locations of the wells, 
together with a selected series of magnetic stations, are shown in Figure 
7, and for each survey the anomalies, with respect to station No. 1, are 


"A. Gray, op. cit., p. 50. 
W. S. Franklin and B. MacNutt, Advanced Theory of Electricity and Magnetism 
(Macmillan, New York), p. 85. 
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indicated in Table III, the respective differences between the observa- 
tions being included to facilitate comparison. 


TABLE III 
Station Number DZ in Gammas DZ’ in Gammas DZ-DZ' 
1928 1931 
I ° ° ° 
2 —4 —10 — 6 
3 
5 +9 +9 ° 
6 +36 +16 —20 
7 +32 +41 +9 


It is seen that, with the exception of station No. 6, the variation 
between the surveys does not exceed the probable instrumental error, 
the difference at 6 being of little consequence, as this position is well 
removed from the area of potential disturbance. It is interesting to note, 
in connection with these data, that a circle having a diameter of 3 
miles may be circumscribed about the field so as to enclose every well, 
and that the mean variation between the two series of observations, for 
the three stations within the circle, is only 1 gamma. Certainly, these 
results do not indicate that the original pattern of the vertical field has 
been altered by the presence of the additional wells. 


CONCLUSION 


We have seen that it is possible, with our derived formulae, to de- 
lineate with fair approximation the distribution of the magnetic elements 
within the surficial zone that surrounds an element of magnetized casing. 
These equations were not developed for the purpose of determining the 
appropriate correction belonging to an effected observation, but rather 
to explain and amplify our experimental evidence relating to the phe- 
nomena. By a more elaborate process we might define the observed 
effects with precise fidelity, although it is well to remember that the 
geophysicist is primarily interested in the attenuation of the disturbance 
and for this purpose the present derivations are entirely adequate. 

In concluding, the writer wishes to summarize the following perti- 
nent deductions. 

1. The magnetic disturbance caused by an isolated string of mag- 
metized casing is of a highly localized character. 

2. The maximum effect, which occurs in the immediate proximity 
of the casing head, varies as the physical proportions of the pipe, increas- 
ing very nearly as the cross-sectional area of metal at the casing head. 
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3. From the present investigation it seems that the anomalous 
vertical effect disappears at a radial distance of approximately 200 feet 
from the casing head, and it is the writer’s opinion that, for any com- 
mercial-size casing, this disturbance may be ignored at a distance of 500 
feet. 


4. In producing fields there appears to be no areal deformation of 
the vertical element, aside from the influence within the concentric zones 
surrounding the casing heads. 
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BRUNTON COMPASS ATTACHMENT FOR MEASUREMENT 
OF HORIZONTAL MAGNETIC INTENSITY! 


JOHN H. WILSON? 
Golden, Colorado 


ABSTRACT 


Utilizing the Brunton compass in common use by geologists, an attachment has 
been devised making it possible to measure the horizontal intensity of the earth’s field. 
The operation of the instrument, the theory and derivation of equations, and the results 
of several surveys with the instrument are presented. 


INTRODUCTION 


As the Brunton compass is in almost universal use by geologists 
and engineers, an attachment which enlarges the usefulness of the com- 
pass is important. The attachment described herein is designed to meas- 
ure the absolute horizontal intensity of the earth’s magnetic field with 
sufficient accuracy to be of aid in some classes of geophysical work. 
The instrument is not intended for close or accurate magnetic investiga- 
tions, but should be used where the anomalies exceed 250 gammas. The 
accuracy of the instrument in magnetic investigations is comparable 
with the accuracy obtained by the Brunton in traverse work. 


CONSTRUCTION OF INSTRUMENT 


The attachment consists of the compass holder and an auxiliary 
magnet arm. 

The compass holder is constructed of non-magnetic metal, with 
slots which fit corresponding projections on the bottom of the Brunton 
compass. Two clamping screws prevent the compass from moving or 
falling off the compass holder when the attachment is in use. 

The auxiliary and detachable magnet arm is graduated in millimeters 
and carries a magnet holder with a vernier reading device. The magnet 
holder is moved along the auxiliary arm by means of an adjustable rack 
and pinion. The auxiliary magnet arm makes an angle of 120° (measured 
in a clockwise direction) from the north index of the compass box. In 


"Read before the Association at the San Antonio meeting, March 21, 1931. Man- 
uscript received, March 14, 1931. 


Consulting geologist and geophysicist, 1106 Cheyenne Street. 
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using the instrument as a magnetometer, zero of the graduated circle is 
set exactly beneath the north index of the compass box. 


OPERATION OF INSTRUMENT 


The instrument may be used on a flat board or table or on an 18 X 
24-inch planetable, or it may be mounted on a special tripod. The writer 
has found the use of the 18 x 24-inch planetable the most satisfactory. 
As the planetable is usually part of the geologist’s equipment and if 
properly constructed is made of non-magnetic material, its use is recom- 
mended. 

The steps of setting up the instrument and determination of hori- 
zontal intensity are as follows. 

1. Place the ring on the base of the Brunton compass in the circle 
on the compass holder so that the projecting screw on the base in the 
northeast quadrant fits into the locating hole. Then clamp the compass 
firmly in the holder by means of the clamps and clamp screws engaging 
the slots on either side of the compass box. 

2. Attach the auxiliary arm to the compass holder and clamp it 
by means of the clamping screw, move the magnet carrier with the rack 
and pinion into the approximate working position, and clamp the rack 
to the arm with the lower screw. 

3. Level and approximately orient the instrument on the plane- 
table or tripod with the aid of the level bubbles in the compass. 

4. With the zero line of the graduated circle opposite the index, 
turn the whole instrument in a horizontal plane until the north end of 
the needle points exactly to the north point on the graduated circle. A 
small reading glass (containing no magnetic material) is of assistance. 
The auxiliary magnet should be at a distance of about 20 feet so that it 
can have no possible effect on the needle. 

5. After orienting as in step 4 with the needle at rest, place the 
auxiliary magnet in the magnet holder with the south-seeking end of 
the magnet toward the compass. This should be done carefully so as 
not to disturb the level or orientation of the instrument. 

6. Move the magnet carrier (with magnet in place) by means of 
the rack-and-pinion device until the north end of the needle is exactly 
at the 30° mark. In this position the needle is perpendicular to the axis 
of the auxiliary magnet and the magnet is in position known as the first 
position of gauss. It is suggested that the operator hold one hand on 
the auxiliary arm between the compass and the magnet while moving 
the magnet hoider so that the orientation shall not be disturbed. 
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7. Read the distance, r, on the auxiliary magnet arm by means of 
; the vernier to the nearest one hundredth of a centimeter. 

At the conclusion of an observation, the compass box may be closed 
and the instrument may be carried already set up to the next station. 


THEORY 


The general theory of such a set-up can be obtained from any good 
book of physics.’ 

The equation which applies to the instrument when used as above 
is as follows: 


(1) 


where H is the horizontal intensity at the desired point; M is the mag- 
r > netic moment of the auxiliary magnet; r is the distance between the center 
4 of the needle and the center of the magnet; and Z is the length of the aux- 
iliary magnet. 
If the values of r are large in comparison with L, equation (1) reduces 
to 


H = (2) 
For anomalies of fair magnitude, equation (2) is sufficiently accurate. 
As in any survey LZ and M are constant, a table or graph of the value 

of H for any value of r can be computed and used where absolute values 

are desired. The magnetic unit must, of course, first be determined by 

any of the customary methods. 

When effects, such as temperature and diurnal variation, are less 

4 than the observational errors of the instrument, they may be neglected. 


PROBLEMS TO WHICH APPLICABLE 


." With the vernier arrangement it is possible to read r to the tenth of 
a millimeter. With the strength of magnet commonly used it would be 
+] impossible to obtain the intensity closer than 25 gammas. Repeated 
set-ups by a competent observer at the same station checked within 
em 0.025 centimeters of the mean value, which is equivalent to a departure 


‘William Watson, Text Book of Physics (Longmans, Green and Company, 1919). 
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of about 70 gammas from the mean. In practice it has been found that 
the instrument does not give satisfactory results on anomalies of less 
than 250 or 300 gammas. 

The instrument is, therefore, applicable to investigation of larger 
anomalies. It gives fair results over the larger anomalies found in oil 
work, over basic dikes, and over magnetic ore bodies. 

The instrument is so designed as to work in a range from 5,000 to 
100,000 gammas absolute horizontal intensity. Without use of magnets 
of different strength, the instrument could not be used in regions where 
the intensity fell below 5,000 gammas or rose above 100,000 gammas. 

It is not recommended that petroleum geologists use the instrument 
for regular reconnaissance work. It is best adapted to horizontal inten- 
sity work on large vertical anomalies which have already been located 
and to the investigation of igneous intrusions. 

Mining geologists should find the instrument of aid in the tracing 
of some types of dikes, the limits of intrusive bodies, and the investiga- 
tion of iron ore deposits. However, the instrument can not be expected 
to work on sulphide ore bodies not associated with magnetic minerals. 

The instrument is well adapted to illustrate methods of measuring 
the intensity of magnetic fields, the moments of magnets, magnetic 
couples, and other magnetic phenomena. It would be of considerable 
use to a teaching physicist. 


SOME RESULTS OBTAINED 


In Figure 2 are shown the results of a survey across a small dike of 
basaltic rock near Boulder, Colorado. The dike could readily be traced 
with this instrument. Calculation of results by equations (1) and (2) 
are shown. It may be observed that for location work the simplified 
equation could be used satisfactorily. 

In Figure 3 are shown the results of a horizontal intensity survey 
across the Mankato “‘high”’ in Jewell County, Kansas, which had a ver- 
tical anomaly of approximately 900 gammas. Below the profiles are 
shown the vectors calculated from the horizontal and vertical anomalies. 
It should be noticed that the vectors are calculated in the magnetic 
meridian, whereas the section was surveyed in true north and south 
directions. The results indicate that survey with this instrument is 
satisfactory on anomalies of this size and' that they may give valuable 
information as to whether polarization is present, and if so, whether 
the magnetic axis is vertical or inclined, and whether the magnetic axis 
of the disturbing body should be regarded as of finite or infinite length. 
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Fic. 3.—Profiles across “high” near Mankato, Kansas. Station 1 is at NE. cor. 
Sec. 1, T.3S.,R.o W. Vertical intensity obtained with Schmidt magnetometer; hori- 
zontal intensity, with Brunton compass attachment. 


By triangulation procedure, depth to the disturbing mass could be cal- 
culated under some conditions. 
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REVIEWS AND NEW PUBLICATIONS 


Principles of Structural Geology. By CHARLES MERRICK NEVIN. (John Wiley 
& Sons, Inc., New York, 1931). 303 pp. with index and illustrations. 
Price, $3.50. 


Nevin’s Structural Geology is a text designed, seemingly, for beginning 
students in structural geology. Its general plan is indicated by the following 
list of chapter headings: Physical Properties of Rocks; Stress and Strain Re- 
lations; Flexures; Faults; Joints; Cleavage; Structures in Unconsolidated 
Sediments; Reflection of Rock Structure in the Topography; Some Facts, 
inferences, and Hypotheses Regarding the Earth; Continents and Ocean Ba- 
sins; Mountain Systems. 

In addition to the topics usually treated under the headings listed, the 
following new features deserve special mention. In the chapter on folding is a 
brief discussion of the effect of regional dip on the surface expression of small 
folds, together with diagrams illustrating a graphical method for calculating 
the original dip which can be used also for determining the effect of convergence 
on the shape of folds at depth. Compaction of sediments and the structural 
effects of differential compaction receive extended treatment in the chapter 
on unconsolidated sediments which incorporates several recent papers on those 
subjects. The inclusion of the chapter on reflection of rock structures in the 
topography seems to the reviewer to be a very commendable innovation in 
texts on structural geology. 

The chapter on jgints serves to awaken a lively interest in the subject 
and leaves the reader with a wholesome feeling that much remains to be learned 
about them. 

The last three chapters, dealing with the broader problems of earth struc- 
ture and of mountain building, furnish interesting and stimulating reading. 
The author has outlined the various theories, with comments on their strong 
and weak points. That the theory of continental drifting is not lightly to be 
dismissed is an evident belief of the author. These three chapters, as a whole, 
leave the reader with a clear understanding of the fact that many of the prob- 
lems connected with the genesis of mountains are still unsolved. 

As in any new book, a few mistakes and several places where clarity of 
presentation might be improved can be mentioned. The reviewer feels that 
the expression “three rectangular planes” (p. 13, 2d line) should not have been 
perpetuated, even as a quotation. On p. 19 the axes of stress and strain having 
intermediate values are called “‘ mean axis of stress” and “‘ mean Axis of strain” 
(italics are the reviewer’s). This is confusing because, to the general reader, 
and doubtless to the student, mean signifies average. A similar criticism applies 
to the use of the word normal in “normal stress”’ (p. 24, 12th line from last) 
and “normal horizontal separation” (p. 80, 11th line from last). Use of such 
terms in an entirely different meaning from that in common use (even if correct 
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in geometrical language) is bound to lead to confusion. Imagine a student’s 
state of mind on reading on p. 80 of “normal horizontal separation” and on 
p. 82 of ** Normal and Reverse Faults.”” Other examples (p. 80, line 26) of the 
confusing use of the word normal might be cited. 

With reference to the discussion of jointing (pp. 150-52), the reviewer 
feels that a clear demonstration that “vertical joint systems are the result of 
regional stresses on brittle rocks under conditions where lateral relief is easier 
than upward relief’’ has yet to be made. 

On account of the analytical treatment of controversial subjects, partic- 
ularly in the concluding chapters, the mature geologist will find this a useful 
addition to his library. A decided emphasis on structural problems encoun- 
tered in oil work is noticeable. 

Joun L. Ricu 

UNIVERSITY OF CINCINNATI 

CINCINNATI, OHIO 
OCTOBER 13, 1931 


RECENT PUBLICATIONS 
CALIFORNIA 


Mining in California (Division of Mines, San Francisco, April, 1931), 
contains the following articles: ‘‘Stratigraphic Significance of the Kreyen- 
hagen Shale of California,’ by Olaf P. Jenkins; ‘‘ Diatoms and Silicoflagellates 
of the Kreyenhagen Shale,” by G. D. Hanna; and ‘ Foraminifera of the Krey- 
enhagen Shale,” by C. C. Church. 

“Geology of the Eastern Part of the Santa Monica Mountains, Los An- 
geles County, California,” by H. W. Hoots. U.S. Geol. Survey Prof. Paper 
165-C (Supt. Documents, Washington, D. C.), pp. fi, 83-134, Pls. 16-34 
(including 3 maps), Figs. 7-8. Price, $0.75. 


GENERAL 


‘La question des eaux dans les gisements de pétrole’’ (Problem of Water 
in Oil-Bearing Beds), by H. de Cizancourt. Ammnales de l’Office National des 
Combustibles Liquides (Paris), Vol. 6, No. 2 (March-April, 1931), pp. 195-224; 
6 figs. 

“Erdél und rezente Faulschlamme” (Petroleum and Recent Muds), by 
A. F. von Stahl. Petrol. Zeit. (Berlin), Vol. 27, No. 35 (August 26, 1931), p. 
629. Refers to work of Trask as published in this Bulletin. 

Oil Well Completion and Operation, by H. C. George. (Univ. Oklahoma 
Press, Norman, Oklahoma, 1931.) 234 pp., 52 figs. 734 X 1034 inches. Cloth. 
Price, postpaid, $3.15. 

“El ‘ABC’ de la geologia del petroleo”’ (Introduction to Petroleum Geol- 
ogy), by Enrique Fossa-Mancini. De Boletin de Informaciones Petroliferas 
(Buenos Aires, Argentina), Vol. 8, Nos. 82-83 (June-July, 1931). 68 pp., 25 
figs., including oil and gas map of Argentina. 

The United States Geological Survey has published limited editions of 
charts showing tentative correlations of geological formations in each of the 
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following states: California, Colorado, Connecticut, Indiana, Iowa, Ken- 
tucky, Louisiana, Maryland, Massachusetts, Michigan, Minnesota, Missouri, 
New Jersey, New York, Ohio, Oklahoma, Pennsylvania, Rhode Island, Ten- 
nessee, Texas, Virginia, West Virginia, Wisconsin. The supply of the Wy- 
oming chart is exhausted. North Dakota and South Dakota charts will soon 
be ready for distribution. As long as the small supplies of these correlation 
charts last, copies may be obtained free on application to the director of the 
Survey. Anyone desiring the complete set should request that his name be 
added to the mailing list for them. 

A New Geologic Index of United States Geological Survey Publications, by 
George H. Albertson. Publications tabulated numerically according to lati- 
tude and longitude as shown on accompanying maps. More than 400 pages. 
(Geological Publishing Company, 508 Colorado Building, Denver, Colorado.) 
Price with maps, prepaid, $10.00. 

Petroleum in the United States and Possessions, by Ralph Arnold and 
William J. Kemnitzer. (Harper and Brothers, New York and London, 1931.) 
1052 pp., or tables, 39 illus. Price, $16.00. 


GEOPHYSICS 


“Régles pratiques pour déterminer les constantes d’un magnétométre” 
(Practical Rules for Determining the Constants of a Magnetometer), by C. L. 
Alexanian. Annales de l’Office National des Combustibles Liquides (Paris), 
Vol. 6, No. 2 (March-April, 1931), pp. 261-67. 

“A Selected List of Books and References on Geophysical Prospecting,” 
C. A. Heiland and Dart Wantland. Colorado School of Mines Quart. (Golden), 
Vol. 26, No. 3 (July, 1931). Approximately 200 references primarily for under- 
graduates. 24 pp. Price, $0.50. 

Handbuch der Geophysik (Handbook of Geophysics), Vol. 2, Pt. 1 (1931), 
edited by B. Gutenberg. Contains ‘“‘ Abkiihlung und Temperatur der Erde” 
(Cooling and Earth Temperature), by B. Gutenberg; “‘Chemie der Erde” 
(Chemistry of the Earth), by G. Berg; “‘ Alter der Erde und geologische Zeit- 
alter’? (Age of the Earth and Geological Time), by A. Born; and “‘ Der physik- 
alische Aufbau der Erde” (Physical Structure of the Earth), by B. Gutenberg. 
(Borntraeger Brothers, Berlin). 564 pp., 183 illus. Price $24.50; price to sub- 
scribers to the complete Handbook, $16.40 (special to A. A. P. G. members, 
$12.30). 

Handbuch der Geophysik, Vol. 6, Pt. 1 (1931). Contains “ Eigenschaften 
der Gesteine (Properties of Rocks), by H. Reich; ** Die elektrischen Aufschluss- 
methoden” (Electrical Exploration Methods), by H. Hunkel; ‘‘ Theorie der 
gravimetrischen Aufschlussmethoden” (Theory of Gravimetric Exploration 
Methods), by E. A. Ansal; “Instrumente der gravimetrischen Aufschlussmeth- 
oden”’ (Instruments of Gravimetric Exploration Methods), by O. Meisser. 
(Borntraeger Brothers, Berlin.) 312 pp., 134 illus. Price, $15.00; price to sub- 
scribers to complete Handbook, $10.00 (special to A. A. P. G. members, $7.50). 


KENTUCKY 


“The Building of Kentucky,” by W. H. Twenhofel; ‘‘ Mineral Resources 
of the Ashland, Kentucky, Region,”’ by W. C. Burroughs; “A Reconnaissance 
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Survey of the Geology of Northern Hardin County,” by A. H. Sutton; and “A 
Reconnaissance Report on the Geology of McLean County,” by L. C. Robin- 
son. Kentucky Geol. Survey Vol. 37 (1931). 68 figs. and pls. (Frankfort, Ken- 
tucky.) Cloth. Price, $1.25. 


NEW MEXICO 


Oil and Gas Map of New Mexico (1931), by Dean E. Winchester. (State 
Bur. Mines and Mineral Resources, New Mexico School of Mines, Socorro, 
New Mexico.) U.S. Geol. Survey base in black and white; oil and gas data in 
red. Scale 1 inch = 16 miles. Map published in advance of report to be ready 
in 1932. Sheet, 25% X 2734 inches. Price, paper, $1.00; cloth-backed, $1.50. 


OHIO 


“Geology and Mineral Resources of the Cleveland District, Ohio,” by 
H. P. Cushing, Frank Leverett, and F. R. Van Horn. U.S. Geol. Survey Bull. 
818 (Supt. Documents, Washington, D. C., July, 1931). 138 pp., 23 pls. (in- 
cluding 3 maps), 11 figs. Price, $0.65. 


OKLAHOMA AND ARKANSAS 


Guide Book of the Fifth Annual Field Conference of the Kansas Geological 
Society (September, 1931). 97 pp., 23 maps, photographs, correlation charts, 
and diagrams; 9 X 11 inches. Accompanied by Geologic Cross Section of the 
Central United States (1,950 miles), prepared by six authorities on Mid-Con- 
tinent stratigraphy. Scale, 1 inch = 20 miles horizontal, and 1 inch = 4oo feet 
vertical; 54 X 110 inches. (Kansas Geological Society, 412 Union National 
Bank Building, Wichita, Kansas.) Price complete, $8.00. 

“The Stratigraphy and Physical Characteristics of the Simpson Group,” 
by Charles E. Decker and Clifford A. Merritt. Oklahoma Geol. Survey Bull. 55 
(1931). 112 pp., 2 figs., 15 pls. 

TEXAS 

The University of Texas Bureau of Economic Geology at Austin announces 
the following new publications. 

“Contributions to Geology, 1931”: (a) “ Erratics in the Pennsylvanian of 
Texas,” by E. H. Sellards; (b) “Some Major Structural Features of West 
Texas,’’ by H. P. Bybee; (c) ‘‘ New Early Fusulinids from Texas,” by Norman 
L. Thomas; (d) “Some Upper Cretaceous Ammonites in Western Texas,” 
by W. S. Adkins; (e) “The Lower Claiborne on the Brazos River, Texas,” by 
B. Coleman Renick and H. B. Stenzel; (f) “Some Cretaceous Foraminifera in 
Texas,” by Helen Jeanne Plummer. Bull. 3701. 207 pp., 12 figs., 15 pls. 
Paper cover, $1.00; cloth, $1.75. 

“The Geology of Grayson County, Texas,” by Fred M. Bullard. Bull. 
3125. 72 pp.and map. Price, $0.50. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not consti- 
tute an election, but places the names before the membership at large. If any 
member has information bearing on the qualifications of these nominees, he 
should send it promptly to J. P. D. Hull, business manager, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 
William Ernest Aitken, New York, N. Y. 
Frank B. Notestein, James Terry Duce, R. F. Baker 
Emil Braendlin, Sarawak, Borneo 
A. H. Noble, B. H. Van der Linden, H. M. E. Schurmann 


FOR ASSOCIATE MEMBERSHIP 


Avary Hunt Alcorn, San Antonio, Tex. 
T. J. Galbraith, Ed. W. Owen, L. B. Herring 
Francis Roland Schenck, Amarillo, ‘Tex. 
J. D. Thompson, Jr., Archie R. Kautz, L. M. Oles 
Jerome Max Westheimer, Ardmore, Okla. 
Hubert G. Schenck, Charles E. Clowe, C. W. Tomlinson 
FOR TRANSFER TO ACTIVE MEMBERSHIP 
Paul Charrin, Paris, France 
C. Schlumberger, A. van Weelden, W. van Holst Pellekaan 
Harold E. Redmon, Tulsa, Okla. 
Dollie Radler, Howard Clark, A. W. Lauer 
Wayne M. Smith, Manhattan Beach, Calif. 
D. D. Hughes, R. W. Sherman, R. D. Reed 
Claude N. Valerius, Tulsa, Okla. 
C. A. Cheney, Charles T. Kirk, A. F. Truex 


ANNOUNCEMENT 


GEOLOGICAL SOCIETY OF AMERICA AND THE AMERICAN ASSO- 
CIATION OF PETROLEUM GEOLOGISTS MEETING, TULSA, 
OKLAHOMA, DECEMBER 28, 1931, TO JANUARY 4, 1932 


Headquarters and registration at Mayo Hotel. 
Scientific sessions, December 29 to 31, inclusive, Mayo Hotel. Presidential 
address, evening of December 20. Central High School Auditorium, followed 
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by smoker and dance, 16th floor, Mayo Hotel. Annual banquet, December 
30, Crystal Ballroom, Mayo Hotel. Ample hotel accommodations will be 
available at reasonable prices. 

Reduced railroad rates have been granted by all passenger associations. 
Return certificates will be issued to each Association member, authorizing 
either one of two routes: (1) going and returning by way of the same route at 
the rate of fare and a half for the round trip; (2) going by one authorized route at 
the rate of 75 per cent of one way fare from point of departure to destination 
(Tulsa) and returning by any other authorized route at the rate of 75 per cent 
of one way fare for the return route. Both tickets good for thirty days in 
addition to the date of sale. Tickets will be on sale December 24-30. Informa- 
tion with respect to stop-overs and other details should be obtained by mem- 
bers from local ticket agents. 

Several field trips are planned as follows. 

December 28—Oklahoma City and return by train, leaving Tulsa at 7:45 
A. M. and returning the same evening. The other trip to Spavinaw and the 
Ozarks by motor, leaving Tulsa not later than 8:30 A. M. and returning the 
same evening. 

Those making the field trip to the Arbuckle Mountains will leave Tulsa 
by train the night of December 31 and will leave Ada, Oklahoma, January 1, 
spending the night at Ardmore. January 2 will be spent in the Ardmore basin, 
after which the party will divide, some going fo the Wichita Mountains and 
others to the Ouachita Mountains. Those going to the Wichita Mountains 
will return by way of Oklahoma City to Tulsa, January 4, and those going to 
the Ouachita Mountains will spend the first day, Antlers to Johns Valley and 
return; the second day, Antlers to McAlester and Tulsa. 

All Association members are cordially invited and urged to attend this 
meeting. For further information, write Frank R. Clark, Box 2064, Tulsa, 
Oklahoma. 


CORRECTION 
PERMO-CARBONIFEROUS OROGENY IN SOUTH-CENTRAL 
UNITED STATES 
In W. A. J. M. van der Gracht’s article in the September Budletin (page 
1043), reference was made to the occurrence of Schwagerina in beds of Cisco 
age, credit for the information being given to the undersigned. Before final 
examination of the evidence was made, the statement was printed. The evi- 
dence is considered unauthoritative until further substantiation is secured from 
unquestionable localities. 
Bruce HARLTON 
F. A. Busu 


Tutsa, OKLAHOMA 
October 7, 1931 
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ASSOCIATION COMMITTEES = 


EXECUTIVE COMMITTEE 
Lovic P. Garrett, chairman, Gulf Production Company, Houston, Texas i. 
FRANK RINKER CLARK, secretary, Mid-Kansas Oil and Gas Company, Tulsa, Oklahoma 
SmpnEy Powers, Box 2022, Tulsa, Oklahoma 
L. Courtney Dectvs, Associated Oil Company, San Francisco, California 
F. H. Lanee, Box 2880, Dallas, Texas 


GENERAL BUSINESS COMMITTEE 
R. S. McFAaRLANnb (1932), chairman, 735 Philcade Building, Tulsa, Oklahoma 
Davi DonoGaveE (1932), vice-chairman, 1116 Fort Worth Natl. Bank Building, Fort Worth, Texas 


C. A. Barro (1933) R. C. Moore (1932) 
S. P. BorDEN (1932) Joseru E. Morero (1933) 
J. P. BowEN (1932) Joun M. NisBEt (1932) i 
R. CorFin (1933) Ep. W. OWEN (1933) 
Victor CoTNER (1932) LEON J. PEPPERBERG (1933) 
L. Courtney Decius (1932) Smpney Powers (1932) 
R. K. DeForp (1933) R. D. REED (1933) ; if 
H. B. Fuqua (1933) A. H. Ricwarps (1933) ' 
Lovic P. Garrett (1933) GAYLE Scott (1932) ’ % 
S. A. GROGAN (1933) F. C. SEALEY (1932) % 
W. R. Hamitton (1933) S. C. STaTHERS (1933) 
Harry R. Jonnson (1933) (1932) 
L. W. KEsLer (1933) H. J. Wasson (1933) 3 
R. S. KNAPPEN (1933) THERON WassoN (1933) 
Freperic H. LAwEE (1932) Joun F. WEINZIERL (1933) 
C. R. McCottom (1932) R. B. WarreneaD (1932) 
H. D. Miser (1932) 
RESEARCH COMMITTEE 
ALex. W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Oklahoma i 
Donatp C. BARTON (1933), vice-chairman, Petroleum Building, Houston, Texas 2 . 
C. R. FetrKe (1932) W. C. SPOONER (1932) K. C. HEALD (1934) 
A. I. LEVoRSEN (1932) W. E. WRaTHER (1932) F. H. LAwee (1934) 
Stoney Powers (1932) W. T. Trom, Jr. (1933) H. A. Ley (1934) 
R. D. (1932) F. M. Van (1933) R. C. Moore (1934) 
L. C. SNiverR (1932) M. G. CHENEY (1934) F. B. PLumMER (1934) 4 
CONSTITUTION AND BY-LAWS aca 
FRANK R. CLARK, chairman, Box 2064, Tulsa, Oklahoma : 
F. H. LAnEE R. S. McFaRLAND 
REPRESENTATIVES ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 
R. C. Moore (1933) Smpney Powers (1934) 
REPRESENTATIVES ON NATIONAL STRATIGRAPHIC NOMENCLATURE COMMITTEE 
A. I. LEvorsEN, chairman, 1740 South St. Louis Avenue, Tulsa, Oklahoma 
M. G. CHENEY C. J. Hares 
TRUSTEES OF REVOLVING PUBLICATION FUND iy 
E. DeGoryer (1934) ALEXANDER DevssEN (1933) R. D. (1932) 


TRUSTEES OF RESEARCH FUND 
W. E. WRATHER (1934) T. S. Harrison (1933) Arex. W. McCoy (1932) 
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AT HOME AND ABROAD 
CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


EMPLOYMENT 


‘The Association maintains an employment service at headquarters under 
the supervision of the business manager. 

This service is available to members and associates who desire new posi- 
tions and to companies and others who desire Association members and asso- 
ciates as employees. All requests and information are handled confidentially 
and gratuitously. 

To make this service of maximum value, all members and associates in 
the Association are requested to codperate by notifying the business manager 
of openings available. 


Vircit R. D. KirkHaM, geologist, Saginaw, Michigan, has a paper entitled 
“Tgneous Geology of Southwestern Idaho” in the August-September issue of 
The Journal of Geology. 


H. T. Mor ey, geologist, has been made division manager of the explora- 
tion department in the state of Texas for the Stanolind Oil and Gas Company. 


NorMAN Harpy, formerly with the Standard Oil Company, Los Angeles, 
is now with the Nederlandsche Pacific Petroleum Maatschappij, Batavia, 
Java, Dutch East Indies. 


Dana Hocan, manager of lands for the Petroleum Securities Company 
and vice president and manager of the Los Nietos Producing and Refining 
Company, is giving up active service with the Doheny organizations after 19 
years. He intends spending an indefinite time in Europe. 


Witt1aM F. Lowe, geologist, Tulsa, Oklahoma, has an article entitled 
“Production Methods and Problems in East Texas” in the September issue 
of International Petroleum Technology. 


V. E. CorrincHam, who has been associated with Glenn O. Briscoe in 
geological consulting work in West Texas with headquarters at San Angelo, has 
been appointed a deputy supervisor of the oil and gas division of the Texas 
Railroad Commission, and assigned to the East Texas field. 


VINCENT W. VANDIVER, in charge of the land department for the Standard 
Oil Company of Venezuela, has been transferred from Maracaibo to the new 
headquarters for the company in eastern Venezuela. His new address is Box 
284, (Caripito), Port of Spain, Trinidad. 
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RICHARD A. JONES, torr San Pedro Avenue, San Antonio, Texas, has an 
article “Surface and Subsurface Character of Edwards Limestone” in the 
September 11 issue of The Oil Weekly. 


E. L. Jones, district geologist for the Shell Petroleum Corporation in San 
Angelo, Texas, has resigned his position and has moved to California. 


The West Texas Geological Society met at San Angelo, Texas, September 
12, 1931. R. B. WuITEHEAD, chairman of the Dallas Petroleum Geologists, 
spoke on “‘ The East Texas Oil Field.” 


At a meeting of the San Angelo Conglomerates on September 1, H. A. 
HEMPHILL, of the University Land Survey, gave a brief discussion of the ef- 
fects of the earthquake near Valentine, Texas. 


E. C. Epwarps has resigned his position as geologist for the Prairie Oil 
and Gas Company in California and will continue his studies toward a doctor’s 
degree at California School of Technology this year. 


GEORGE A. KROENLEIN, formerly consulting geologist of San Angelo and 
Del Rio, has organized the West Texas Chemical Company to treat buildings 
with chemicals for the eradication of termites. 


Wi..1aM J. Notte, of the Stanolind Oil and Gas Company, has headquar- 
ters in the Medical Arts Building at Fort Worth, Texas. He was formerly at 
Wichita Falls. 


G. S. DILLe, formerly engaged in field work for The Texas Company in 
Oklahoma and Kansas, is now located at the Tulsa office doing micropaleonto- 
logical work. 


WALLACE RALSTON, geologist for the Sun Oil Company, has been trans- 
ferred from San Angelo to Tyler, Texas. His address is Box 807. 


HERBERT C. G. VINCENT, geologist for the Shell Oil Company, Los Angeles, 
has been transferred to Sarawak Oilfields, Limited, Miri, Sarawak, via Sing- 


apore. 


WALTER E. Hopper has resigned as president and a director of The South- 
ern States Company, Inc., of Shreveport, Louisiana, and is no longer con- 
nected with the company. 


H. Foster Barn, secretary of the American Institute of Mining and 
Metallurgical Engineers since 1925, resigned on November 1, 1931, to go with 
the Copper and Brass Research Association. A. B. PARSONS, assistant secre- 
tary of the Institute, succeeds Mr. Bain as secretary. 


W. A. J. M. vAN WATERSCHOOT VAN DER GRACHT will be at 1742 N St., 
N. W., Washington D. C., this winter. 
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PROFESSIONAL DIRECTORY 


SPACE FOR PROFESSIONAL CARDS !IS RESERVED FOR 
MEMBERS OF THE ASSOCIATION. FOR RATES, APPLY TO 


THE BUSINESS MANAGER, BOX 


1852, TULSA, OKLAHOMA 


CHESTER W. WASHBURNE 


GEOLOGIST 


149 BROADWAY NEW YORK 


HUNTLEY & HUNTLEY 


PETROLEUM GEOLOGISTS 
AND ENGINEERS 


L. G. HUNTLEY 
WILLIAM J. MILLARD 
J. R. WYLIE, JR. 


GRANT BUILDING, PITTSBURGH, PA. 


EDWIN B. HOPKINS 
CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK 


GEO. C. MATSON 
GEOLOGIST 


PHILCADE BUILDING TULSA, OKLA. 


G. JEFFREYS 
CONSULTING GEOLOGIST 
PHONE JOHN 2584 


80 MAIDEN LANE NEW YORK 


DABNEY E. PETTY 


CHIEF GEOLOGIST 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


SAN ANTONIO, TEXAS 


J. P. SCHUMACHER 


W. G. SAVILLE 
R. Y. PAGAN A. C. PAGAN 
TORSION BALANCE 
EXPLORATION CO. 


TORSION BALANCE SURVEYS 


PHONE: PRESTON 7315 
730-32 POST DISPATCH BUILDING 


FREDERICK G. CLAPP 


CONSULTING GEOLOGIST 


50 CHURCH STREET 


HOUSTON TEXAS NEW YORK 
F. B. PORTER R. H. FASH 
PRESIDENT VICE-PRESIDENT 
: TLER, 
THE FORT WORTH WILLARD W. CUTL JR 
LABORATORIES EVALUATIONS AND GEOLOGICAL 


ANALYSES OF BRINES, GAS, MINERALS, 
OIL. INTERPRETATION OF WATER ANAL- 
YSES. FIELD GAS TESTING. 


828%, MONROE STREET FORT WORTH, TEXAS 
LONG DISTANCE 138 


REPORTS 


1844 BRONSON AVENUE 
LOS ANGELES, CALIFORNIA 


Please use coupon on last page of advertisements in answering advertisers 
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E. DEGOLYER 


GEOLOGIST 


65 BROADWAY NEW YORK 


DONALD C. BARTON 
GEOLOGIST AND GEOPHYSICIST 
SPECIALIST ON 
GULF COAST SALT-DOME AREA 
EOTVOS TORSION BALANCE IN 
DOMESTIC OR FOREIGN WORK 
PETROLEUM BUILDING 
HOUSTON TEXAS 


J. Y. SNYDER 
1211 CITY BANK BUILDING 


SHREVEPORT. LOUISIANA 


NO COMMERCIAL WORK UNDERTAKEN 


JOHN L. RICH 


GEOLOGIST 


DEPARTMENT OF GEOLOGY 
OTTAWA UNIVERSITY OF CINCINNATI 
KANSAS CINCINNATI, OHIO 


KARL ETIENNE YOUNG 


CONSULTING GEOLOGIST AND PALEONTOLOGIST 


SPECIALIZING IN TERTIARY OF GULF COAST 
EVALUATION OF SALT DOME OIL FIELDS 


327 MASON BUILDING HOUSTON, TEXAS 


BROKAW, DIXON, GARNER 
& McKEE 


GEOLOGISTS ENGINEERS 
OIL—NATURAL GAS 


EXAMINATIONS, REPORTS, APPRAISALS 
ESTIMATES OF RESERVES 


120 BROADWAY NEW YORK 


WALTER STALDER 


PETROLEUM GEOLOGIST 
925 CROCKER BUILDING 


SAN FRANCISCO, CALIFORNIA 


CARROLL H. WEGEMANN 
CHIEF GEOLOGIST 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 EAST 42ND STREET 


NEW YORK 


R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 


OKLAHOMA, KANSAS, TEXAS PAN- 
HANDLE, AND EAST TEXAS 


LAUGHLIN-SIMMONS & Co. 


605 OKLAHOMA GAS BUILDING 
TULSA OKLAHOMA 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 


GEOLOGISTS 


641 MILAM BUILDING SAN ANTONIO, TEXAS 


ALEXANDER DEUSSEN 
CONSULTING GEOLOGIST 


SPECIALIST, GULF COAST SALT DOMES 


1606 POST DISPATCH BUILDING 
HOUSTON, TEXAS 


FRED H. KAY 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 E. 42ND STREET NEW YORK 


Please use coupon on last page of advertisements in answering advertisers 
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PAUL P. GOUDKOFF 
GEOLOGIST 


GEOLOGIC CORRELATION BY FORAMINIFERA 
AND MINERAL GRAINS 


1204 SUBWAY TERMINAL BUILDING 
LOS ANGELES, CALIFORNIA 


LEON J. PEPPERBERG 


CONSULTING GEOLOGIST 


COLUMBIA ENGINEERING AND MANAGEMENT CORP. 
(COLUMBIA GAS AND ELECTRIC CorP,) 


61 BROADWAY 99 NORTH FRONT STREET 
NEW YORK COLUMBUS, OHIO 


JOHN S. IVY 


UNITED GAS SYSTEM 


921 RUSK BUILDING HOUSTON, TEXAS 


Cc. R. MCCOLLOM 
MANAGER GEOLOGICAL AND LAND DEPARTMENTS 
PACIFIC WESTERN OIL COMPANY 


PETROLEUM SECURITIES BUILDING 
LOS ANGELES. CALIFORNIA 


R. S. MCFARLAND 


GEOLOGIST 


TULSA OKLAHOMA 


Please use coupon on last page of advertisements in answering advertisers 
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DIRECTORY OF 
GEOLOGICAL SOCIETIES 


FOR THE INFORMATION OF GEOLOGISTS VISITING 
LOCAL GROUPS. FOR SPACE, APPLY TO THE BUSI- 
NESS MANAGER, BOX 1852, TULSA, OKLAHOMA 


PANHANDLE 
GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 


PRESIDENT - - - J. D. THOMPSON, Jr. 
ROOM 3, AMARILLO NATIONAL BANK BUILDING 


FIRST VICE-PRESIDENT - - H. T. MORLEY 
STANOLIND OIL. AND GAS COMPANY 


SECOND VICE-PRESIDENT - - J. V. TERRILL 
GULF PRODUCTION COMPANY 


SECRETARY-TREASURER - - A. R. KAUTZ 
EMPIRE GAS AND FUEL COMPANY 


MEETINGS: FIRST AND THIRD THURSDAY NOONS, EACH 
MONTH. PLACE: ROSE BOWL TEA ROOM. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


PRESIDENT - - - - - R. A. BIRK 
BRIDWELL OIL COMPANY 


VICE-PRESIDENT - - CHARLES A. DAUBERT 
1205 CITY NATIONAL BANK BUILDING 


SECRETARY-TREASURER - VERNON E. AUTREY 
HUMBLE OIL AND REFINING COMPANY 


MEETINGS: SECOND FRIDAY, EACH MONTH, AT 6:30 P.M. 
LUNCHEONS: FOURTH FRIDAY, EACH MONTH, AT 12:15 P.M. 
PLACE: HAMILTON BUILDING 


TULSA 
GEOLOGICAL SOCIETY 


TULSA, OKLAHOMA 
PRESIDENT - - - - R. S. KNAPPEN 
GYPSY OIL COMPANY 
1sT VICE-PRESIDENT - - - - F. A. BUSH 
SINCLAIR OIL AND GAS COMPANY 
2ND VICE-PRESIDENT - - - c. L. SEVERY 
816 KENNEDY BUILDING 
SECRETARY-TREASURER - RONALD J. CULLEN 
TWIN STATE OIL COMPANY 


MEETINGS: FIRST AND THIRD MONDAYS, EACH MONTH, 
FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 P. M.. 
FOURTH FLOOR, TULSA BUILDING. LUNCHEONS: EVERY 
THURSDAY, FOURTH FLOOR, TULSA BUILDING. 


KANSAS 
GEOLOGICAL SOCIETY 


WICHITA, KANSAS 


PRESIDENT - - - WALTER W. LARSH 
STANOLIND OIL AND GAS COMPANY 
VICE-PRESIDENT - - EVERETT A. WYMAN 
AMERADA PETROLEUM CORPORATION 
SECRETARY-TREASURER - PAUL A. WHITNEY 
MID-CONTINENT PETROLEUM CORPORATION 


REGULAR MEETINGS, 12:30 P. M., AT INNES TEA ROOM, 
THE FIRST SATURDAY OF EACH MONTH. VISITING 
GEOLOGISTS ARE WELCOME. 


THE KANSAS GEOLOGICAL SOCIETY SPONSORS THE 
WELL LOG BUREAU WHICH IS LOCATED AT 412 UNION 
NATIONAL BANK BUILDING. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


PRESIDENT - - - - WM. F. CHISHOLM 
HALLIBURTON OIL WELL CEMENTING COMPANY 


VICE-PRESIDENT - - - G.W. SCHNEIDER 
THE TEXAS COMPANY 


SECRETARY-TREASURER - DUGALD GORDON 
BROKAW, DIXON, GARNER, & MCKEE 
521 SLATTERY BUILDING 


MEETS THE FIRST FRIDAY OF EVERY MONTH, ROOM 
605 SLATTERY BUILDING. LUNCHEON EVERY MONDAY 
NOON, WASHINGTON HOTEL. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


PRESIDENT - - - ALBERT G. WOLF 
TEXAS GULF SULPHUR COMPANY 


VICE-PRESIDENT - - - GRADY KIRBY 
SINCLAIR OIL AND GAS COMPANY 


SECRETARY-TREASURER - JOHN F. WEINZIERL 
PETROLEUM BUILDING 


REGULAR MEETINGS, EVERY THURSDAY AT NOON (12:15) 
AT THE LAMAR HOTEL. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 
SECRETARY. 


Please use coupon on last page of advertisements in answering advertisers 
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DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 


CHAIRMAN - - - - R. B. WHITEHEAD 
ATLANTIC OIL. PRODUCING COMPANY 
VICE-CHAIRMAN ~ - ELLIS W. SHULER 
SOUTHERN METHODIST UNIVERSITY 
SECRETARY-TREASURER - - SAM M. ARONSON 
ATLANTIC OIL. PRODUCING COMPANY 


MEETINGS: LUNCHEON AT 12:15, BAKER HOTEL, SECOND 
MONDAY OF EACH MONTH. TECHNICAL MEETINGS, 7:45 
P. M., SOUTHERN METHODIST UNIVERSITY, LAST MONDAY 
OF EACH MONTH. VISITING GEOLOGISTS ARE WELCOME 
AT THE MEETINGS. 


WEST TEXAS GEOLOGICAL 
SOCIETY 
SAN ANGELO, TEXAS 
PRESIDENT - - - R. L. CANNON 
CANNON AND CANNON, SAN ANGELO 
VICE-PRESIDENT JOHN EMERY ADAMS 
THE CALIFORNIA COMPANY, MIDLAND 
SECRETARY-TREASURER - H. A. HEMPHILL 
. UNIVERSITY OF TEXAS LAND SURVEY, SAN ANGELO 
MEETINGS: FIRST SATURDAY, EACH MONTH, AT 7:30 


P. M., ST. ANGELUS HOTEL. LUNCHEON: THIRD 
SATURDAY EACH MONTH AT 12:15. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
PRESIDENT - - - CLIFFORD W. BYRON 
STATE NATIONAL BANK BUILDING 


VICE-PRESIDENT - - - S. W. HOLMES 
EMPIRE OIL AND REFINING COMPANY 
SECRETARY-TREASURER - GRAYDON LAUGHBAUM 
SINCLAIR OIL. AND GAS COMPANY 
MEETS THE FOURTH MONDAY NIGHT OF EACH MONTH 


AT 7:00 P. M., AT THE ALDRIDGE HOTEL. VISITING 
GEOLOGISTS WELCOME. 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 


DENVER, COLORADO 
PRESIDENT - - - J. HARLAN JOHNSON 
COLORADO SCHOOL OF MINES, GOLDEN, COLORADO 
VICE-PRESIDENT - - E. DOBBIN 

U. S. GEOLOGICAL SURVEY 
VICE-PRESIDENT ROSS L. HEATON 
CONSULTING GECLOGIST, 2374 ELM STREET 
SECRETARY-TREASURER - W. A. WALDSCHMIDT 
COLORADO SCHOOL OF MINES, GOLDEN, COLORADO 
LUNCHEON MEETINGS, FIRST AND THIRD THURSDAYS OF 

EACH MONTH, 12:15 P. M. AUDITORIUM HOTEL. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


PRESIDENT - - FORD BRAD!SH 
JOHNSTON AND BRADISH 


VICE-PRESIDENT - - - PAUL L. APPLIN 
COSDEN OIL COMPANY 


SECRETARY-TREASURER - PAUL M. BUTTERMORE 
MID-KANSAS OIL AND GAS COMPANY 


MEETINGS: LUNCHEON AT NOON, TEXAS HOTEL, FIRST 
AND THIRD MONDAY OF EACH MONTH. SPECIAL MEET- 
INGS CALLED BY EXECUTIVE COMMITTEE. VISITING 
GEOLOGISTS ARE WELCOME TO ALL MEETINGS. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


PRESIDENT - - - - W. H. ATKINSON 
RAMSEY TOWER 
VICE-PRESIDENT G. C. MADDOX 


CARTER OIL COMPANY 


SECRETARY-TREASURER - - A. H. RICHARDS 
1100 WEST THIRTY-EIGHTH 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 7:30 
P. M., 9TH FLOOR COMMERCE EXCHANGE BUILDING. 


LUNCHEONS: EVERY SATURDAY AT 12:15 P. M., 9TH 
FLOOR, COMMERCE EXCHANGE BUILDING. 


VISITING GEOLOGISTS ARE WELCOME TO ALL MEETINGS. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


PRESIDENT - CHARLES RYNIKER 
GYPSY OIL COMPANY 
VICE-PRESIDENT - - D. C. NUFER 
CARTER OIL COMPANY 
SECRETARY-TREASURER R. C. BREHM 
PRODUCERS AND REFINERS CORPORATION 


MEETINGS: SECOND AND FOURTH WEDNESDAY, EACH 
MONTH, FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 
P. M., THIRD FLOOR, TULSA BUILDING. 


CHARLESTON 
GEOLOGICAL SOCIETY 
CHARLESTON, WEST VIRGINIA 
PRESIDENT - WILLIAM O. ZIEBOLD 
517 KANAWHA VALLEY BUILDING 


VICE-PRESIDENT - - - J. E. BILLINGSLEY 
1108 UNION BUILDING 


SECRETARY-TREASURER - - 1. G. GRETTUM 
306 UNION BUILDING 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 6:30 
P. M., RUFFNER HOTEL. 


Please use coupon on last page of advertisements in answering advertisers 
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Last Opportunity! 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS 
VOLS. I-II 


Now PRICE, $4.00 EACH, TO MEMBERS AND ASSOCIATES 


This valuable collection of geological data is increasing the enviable scientific reputation of the 
Association. It is a distinctive publication. Only a few of these important papers are published 
in the Bulletin. Members and associates now have the opportunity of securing one of these books 
at $4.00 per copy. 


Volume I, 510 pp., 190 illus. Cloth. Price to non-members, postpaid, $5.00 

Volume II, 780 pp., 235 illus. Cloth. Price to non-members, postpaid, $6.00 
S AFTER JANUARY 1, 1932, THE PRICE OF EACH WILL BE $5.00 
oon TO MEMBERS AND ASSOCIATES 


Price to non-members: after January 1, 1932, Vol. I and Vol. If each $7.00 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U. S. A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 


JOURNAL OF SEDIMENTARY PETROLOGY 


The Journal of Sedimentary Petrology is devoted to a field in geology that is rapidly 
growing in importance, one that has such far-reaching scientific and economic significance that 
no alert geologic worker can afford to be ignorant of it. The subject matter of this Journal is 
the physical characters and origin of sediments. For the first time there is now offered a 
publication dealing solely with the processes of sedimentation, the nature and distribution of 
heavy minerals, insoluble residues and other constituents of sedimentary rocks, the significance 
of textural features—in fact, all matters related to the genesis and later history of sedimentary 
formations. 


The editorial stall includes leaders in America and Europe on study of the sediments: 
P. G. H. Boswortu, London, England 

. A. Hanna, Houston, Texas 

. B. Mitner, London, England 

. C. Moore, Lawrence, Kansas 

. D. Reep, Los Angeles, California 

. S. Ross, Washington, D. C. 

. C. Trowsrince, Iowa City, Iowa 

W. H. Twennoret, Madison, Wisconsin 


FOR 


The Journal of Sedimentary Petrology is now issued twice a year, in May and November. 
The subscription price is $3.00 per year, prepaid to addresses in the United States, Mexico, 
Cuba, etc.; for Canada, 20 cents additional for postage. Members of the Association may secure 
this Journal.at $2.00 per year on becoming members of the Society of Economic Paleontologists 
and Mineralogists. 


Send orders to 
GAYLE SCOTT, 


Texas Christian University, Fort Worth, Texas 


Please use coupon on last page of advertisements in answering advertisers 
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REVUE DE GEOLOGIE 


ET DES SCIENCES CONNEXES 


Monthly review of geology and connected 
sciences under the auspices of 
SocrETE GEOLOGIQUE DE BELGIQUE 

with the collaboration of 

The American Mineralogist, Société 
Géologique de France, Service Géol- 
ogique de Pologne, Comitato della 
Rassegna di Geologia, Several Official 
Geological Surveys, Australian Sci- 
ence Abstracts, Bureau d’Histoire 
Naturelle de Prague, and numerous 
Geologists of all parts of the World. 


GENERAL OrFiIce of the “‘ Revue de Géologie”’ 
Institut de Géologie, Université de Liége, 
Belgique 


TREASURER of the “ Revue de Géologie”’ 
35, Rue des Armuriers, Liége, Belgique 


Prices: Vol. I (1920) $10.00, Vol. II (1921) $8.00, 
Vol. II (1922) $7.50, Vol. IV’ (1923) $7.00, Vol. V 
(1924) $6.50, Vol. VI (1925) $6.00, Vol. VII (1926) 
$5.75, Vol. VIIL (1927) $5.50, Vol. Ix (1928) $5.25, 
Vol. X (1929) $5.25, Vol. XI (1930) $5.00 (subscrip- 


tion price). Moderate extra rate for cover if wanted. 


SAMPLE COPY SENT ON REQUEST 


A New Book 


Physiography of 
Western United States 


By 
NEVIN M. FENNEMAN 
Professor of Geology 
University of Cincinnati 


The purpose of this book is to summarize 
the present knowledge of the physiography 
of western United States, describing the 
land forms and giving their history. 


xiii + 534 pages, 6 X 9 inches, 174 illus- 
trations, cloth. 
PRICE, $5.00 


Order from 


The American Association of 
Petroleum Geologists 


Box 1852 Tulsa, Oklahoma 


Speed- Simplicity- Sensitivity 


THE 
HOTCHKISS SUPERDIP 


For Magnetic Exploration 
W. C. McBRIDE, INC. 


704 Shell Bldg., St. Louis, Mo. 
Geological and geomagnetic surveys conducted 
under the direction of Dr. Nort H. STEARN. 
Minnesota Representative--Hotman I. PEARL, First 

National Bank Bldg., Crosby, Minnesota 
West Coast Representative-ELMER W. ELtswortn, 
P. O. Box 658, Stanford University, California 


The Annotated 


Bibliography of Economic Geology 
Vol. IV, No. 1 


Will be Ready in January 


Orders are now being taken for the entire 
volume at $5.00 or for individual numbers 
at $3.00 each. Volumes I, II, and III can 
still be obtained at $5.00 each. 

The number of entries in Vol. I is 1756. 
Vol. II contains 2480, and Vol. III, 2260. If 
you wish future numbers sent you promptly, 
kindly give us a continuing order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


Dear Sirs: 

Please send Vol. I, Vol. II, Vol. ITI, etc. of 
the Annotated Bibliography of Economic 
Geology to me at the following address. 


therefor. 
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Well 


d 

q 

q 

q 

q 

q 
AAAAWE cary in 
stock, ready for immediate q 
q 

q 

q 

q 

q 

q 

q 

q 


delivery, six different well 
logs printed on either heavy 
ledger paper or government 
post card stock, in depths 
ranging from 3,000 to 6,000 
feet. A Prices and samples 
of these logs sent on request. 


| 


MID-WEST PRINTING CO. 
* BOX 1465 ¥ TULSA, OKLA. ¥ 
PRINTERS OF THE A. A.P.G. BULLETIN 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 
Mid-Continent Representatives for Spencer, Bausch & Lomb, and Leitz Micr pes and A ies 
12 West Fourth St. Phone 9088 Tulsa, Okla. 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


INCORPORATED 1925 
SEISMOGRAPH WORK - INSTRUMENTS - SURVEYS 
1019 ALAMO NATIONAL BUILDING SAN ANTONIO, TEXAS 


Permian Basin Transverse Sections » » 7° S2tsspbic Cross Sections 


of West Texas Permian Basin from 
Culberson County to Jones County. Made from examination of outcrops and well samples. Printed on paper 
suitable for additional notations. Folded to Bulletin size in paper covers. These are reprints from “Transverse 
Section of Permian Basin, West Texas and Southeast New Mexico,” by Lon D. Cartwright, Jr., this Bulletin 
(August, 1930).—T wo sections, postpaid, $0.20. 


BOX 1852, TULSA, OKLAHOMA The American Association of Petroleum Geologists 
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» » » Our Photographic Maps covering some 40,000 square miles of 
the Texas Gulf Coastal Plain are all now available. 


» »»Primarily they have been made for and utilized in geological 
exploration in the oil industry. 


WRITE US ABOUT THESE MAPS OR ABOUT NEW MAPPING 


EDGAR TOBIN AERIAL SURVEYS 
SAN ANTONIO, TEXAS 


TORSION BALANCE 


CONTRACT _ FERDINAND SUSS, LTD., INSTRUMENTS: 
SURVEYS, “ORIGINAL EOTVOS” (Visual) 
INTERPRETATION RYBAR (Automatic) 


DONALD C. BARTON, Petroleum Building, Houston, Texas 


ALBERTA STRATIGRAPHY 


Donaldson Bogart Dowling Memorial Symposium 
Stratigraphy of Plains of Southern Alberta 


Including Biography, Foreword, and Index 


By Carl C. Addison, A. J. Childerhose, Clare M. Clark, B. F. Hake, H. M. Hunter, J. S. 
Irwin, Theodore A. Link, W. P. Mellen, P. D. Moore, Delmer L. Powers, F. W. Rohwer, 
J. O. G. Sanderson, S. E. Slipper, J. G. Spratt, P. S. Warren, and W. S. Yarwood. 


A limited edition of the October Bulletin papers has been prepared, without ex- 
traneous current items and advertising matter, bound in standard blue library buck- 
ram with gold-lettered backbone, comparable with the other special publications of 
the Association. 

14 articles assembled by the Alberta Society of Petroleum Geologists, affiliated 
with The American Association of Petroleum Geologists. 16 authors, fully qualified. 
166 pages. 60 illustrations, including a geologic map of southern Alberta. Size, 
9 X 6 inches. 

$3.00 per Copy 
(Postpaid, exclusive of customs or tariffs) 
Limited Edition 


The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma, U. S. A. 
LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E. C. 4 
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Special Prices 


BULLETIN BOUND VOLUMES 


Each member, associate, and subscriber is entitled to one copy of the cloth-bound 
7 volume (12 months) of the Bulletin of any year for which the supply is available, in 
4 addition to his regular subscription for that year (current monthly numbers). The 
; charge for this extra copy is only $4.00 each for Volumes 11, 12, 13, and 14. A few 
earlier volumes are available at special prices. Orders will be filled as received, but 
the supply is limited. 

Use your monthly paper-cover copies for convenient separate filing by subjects, 
states, or special items. Bulletin articles do not overlap on the printed page,—a special 
arrangement for convenience in separating and filing according to individual needs. 
. USE THE PAPER-COVER BULLETIN FOR SPECIAL PURPOSES. SAVE 
: YOUR EXTRA COPY (CLOTH BOUND) FOR YOUR REFERENCE LIBRARY. 
FILL THE GAPS ON YOUR BULLETIN SHELF. THE ASSOCIATION HAD 
’ THESE VOLUMES BOUND FOR YOU AT A LOW PRICE. 


ONE VOLUME TO EACH MEMBER, ASSOCIATE, OR SUBSCRIBER 


; SPECIAL PRICE, $4.00, POSTPAID 
q (The regular price to non-members and non-subscribers is $17.00) 
. The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma 
-ON- 
10-Volume Bulletin Index GEOPHYSICS 
Oo N E D e) L L A R Tu E geophysical 
articles published in the Novem- 
ber and December Bulletins will 
Cela. 2° be repaged and reprinted together 
10 ef the Bellen. Price in a special volume, with an ap- 
propriate title and paper cover, 
size, inches. Orders should be 
Price, $1.00, Postpaid mailed before January 31, 1932. 
; : Price to members, $2.00; non-mem- 
bers, $2.50. 
The American Association of ‘ 
Petroleum Geologists The American Association of 
Petroleum Geologists 
Box 1852 Tulsa, Oklahoma Box 1852 Tulsa, Oklahoma 
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FOR MAGNETIC 
PROSPECTING » » » 


ASKANIA Magnetometers are well known the world over for 
their fast, accurate, and economical operation. Our new type, 
temperature compensated magnet system materially helps to further 


INCREASE ACCURACY and to CUT DOWN FIELD EXPENSE. 
Ask us for further details on ASKANIA Geophysical Instruments 


and Apparatus. 


AMERICAN ASKANIA CORPORATION 


HOUSTON, TEXAS 


CHICAGO, ILLINOIS 
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One of the 
Most Complete 
Laboratories in the 
Industry Protects the 
High Standard of Quality 
of » » » 


HUGHES 
TOOLS 


Vv Hughes Rock Bits 
Vv Hughes Core Bits 
Vv Hughes Tool Joints 
Vv Hughes Valves 


Sold by 
4 | Supply Stores 
Everywhere 
Hughes Tool Company 
Main Office and Plant 
HOUSTON - TEXAS 
SERVICE PLANTS EXPORT OFFICES 
Los Angeles Woolworth Building 
Oklahoma City New York City 
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